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H e r r i n g  s c h o o l s  were s u r v e y e d  h y d r o a c o u s t i c a l l y  a n d  s a m p l e d  
i n  S a n  F r a n c i s c o  Bay f rom l a t e  O c t o b e r  1 9 8 5  t o  March 1 9 8 4 .  
Nine s c h o o l s  e n t e r e d  t h e  b a y  a n d  spawned b e t w e e n  O c t o b e r  30 
and March 5 ;  l a r g e  s c h o o l s  ( g r e a t e r  t h a n  1 0 0 0  t o n s )  o c c u r r e d  
o n l y  f r o m  December t o  March.  T o t a l  b i o m a s s  e s t i m a t e  f r o m  
h y d r o a c o u s t i c  s u r v e y s  was 3 6 , 6 0 0  t o n s ,  a n d  i t  was d e t e r m i n e d  
f r o m  spawn e s c a p e m e n t  a n d  c a t c h  t h a t  a n  a d d i t i o n a l  5600  t o n s  
were n o t  d e t e c t e d .  T h i s  is  a n  i n c r e a s e  f r o m  l a s t  s e a s o n ' s  
t o t a l  o f  a p p r o x i m a t e l y  3 5 , 0 0 0  t o n s .  Heavy r a i n f a l l  a n d  d e -  
I p r e s s e d  s a l i n i t i e s  i n  t h e  b a y  i n h i b i t e d  s p a w n i n g  f o r  3  wk i n  
I F e b r u a r y  a n d  March.  E i g h t y - f i v e  s a m p l e s ,  c o n t a i n i n g  a t o t a l  
I 
-. 
of 1 3 , 2 6 0  h e r r i n g ,  were c o l l e c t e d  w i t h  v a r i a b l e - m e s h  g i l l  n e t  
I -- 
I a n d  m i d w a t e r  t r a w l .  o r  o b t a i n e d  f r o m  t h e  r o u n d h a u l  a n d  g i l l  
I n e t  f i s h e r i e s .  Mean l e n g t h  o f  h e r r i n g  d e c r e a s e d  o n l y  d u r i n g  
I t h e  e a r l y  p a r t  o f  t h e  s e a s o n ;  t h e  s t r o n g  s h o w i n g  of t h e  1 9 8 2  
I 
I a nd  1 9 8 3  y r  c lasses  r e s u l t e d  i n  m o r e  u n i f o r m  l e n g t h  c o m p o s i -  
I t i o n  o f  s a m p l e s  f rom December t o  March.  
I 
Age c o m p o s i t i o n  f o r  t h e  e n t i r e  s p a w n i n g  s e a s o n  c o n s i s t e d  o f  
90% b y  number a n d  85% by  w e i g h t  2-, 3 - ,  a n d  4-yr  o l d s  ( 1 9 8 4 ,  
1983 ,  a n d  1 9 8 2  y r  c l a s s e s ) .  The 1 9 8 1  y r  c l a s s  a g a i n  was  
r e l a t i v e l y  weak.  The 1 9 8 2  y r  c l a s s  h a s  h a d  t h e  h i g h e s t  mean 
l e n g t h  a n d  w e i g h t  a s  3- a n d  4 - y r  o l d s  t h a t  w e  h a v e  s e e n  i n  5  
Yr 
F e c u n d i t y  est imates f r o m  t h e  p a s t  t h r e e  s e a s o n s  a v e r a g e d  222 .8  
e g g s / g  a n d  showed n o  s i g n i f i c a n t  d i f f e r e n c e  among s e a s o n s .  
I 
I S u r v i v a l  o f  h e r r i n g  f r o m  1984-85 s p a w n s  was g r e a t e r  t h a n  t h e  
1 p r e v i o u s  y e a r  a n d  i n d i c a t e s  t h a t  t h e  1 9 8 5  y r  c l a s s  may be 
I 
I a b o v e  a v e r a g e  i n  r e l a t i v e  s t r e n g t h .  
A m o r p h o m e t r i c  a n a l y s i s  of h e r r i n g  frol-A Txumboldt Ray,  F o r t  
Bragg  , T o n a l e s  Bay ,  an*! S a n  F r , l ~ ! c i s c ~ ,  F i ~ y  inc?Fcated t h a t  
n o r t h e r n  s t o c k s  c o u l d  be s e o a r ( 1 t e d  f r o m  s o u t h e r n  s t o c k s  w i t h  
an  8 5 - 8 7 %  s u c c e s s  r a t e ,  5 u t  r n o r p k l o ~ ~ e t r l c  d i f f e r e n c e s  were n o t  
g r e a t  e n o u g h  t o  s e p a r s t e  herri111; f r o v  T o ~ 1 ~ 2 l e s  a n d  S a n  F r a n -  
c i s c o  B a y s .  Growth d i f f e r e n c e s ,  express5d ss  mean a g e  p e r  RL 
i n t e r v a l - ,  were a p p a r e n t  i n  c h e  f o u r  gro t jps  a n d  show a g r a d u a l  
i n c r e a s e  i n  g r o w t h  r a t e  w i t h  i n c r e a s i n g  l a t i t u d e .  H e r r i n g  
f rom W a s h i n g t o n ,  a g e d  b y  s ca l e s  and o t o l i t h s ,  a l s o  f i t  t h i s  
t r e n d .  
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1N'I'RODUC:TXO:J 
This was the fifth year of field work by t h e  PaciEic Herring 
Research Project and the fourth ig wt--ich aco~1sti.c surveys were con- 
ducted and samples were obtained throuqhout the Novembcr to March 
spawning season. Data have been presented for each season in admin- 
istrative reports (Reilly and Moore 1982, 1983, 1984, 1985) and serve 
to complement biomass estimates from spawn deposition surveys (Spratt 
1986a) and biological data of that portion of the herring population 
exploited by the commercial fishery (Spratt 1986b). The Pacific 
Herring Research Project has one major objective, to provide data 
necessary for long-term management of the herring roe Eishery in 
California. 
Research during the 1985-86 herring season included: 1) eskima- 
tion of surface area and biomass of each school of adult herring in 
San Francisco Bay (Figure 1); 2) determination of length and age 
composition of each school; 3) fecundity/weight ratios; 4) weight/- 
--. 
"age/length relationships; 5) roe weight/length relationships; 
6) temperature and salinity profiles adjacent ta known spawning areas; 
7) examination of catch data of juvenile and young-oE-the year (YOY) 
herring f ro~n the Department' s BayDelta Project ; 8) sampling herring 
during the non-spawning season f r ~ m  San Francisco Bay and Monterey Bay 
(Figure 2); 9) morphometric and age and size composition analyses of 
adult herring samples from Humboldt Bay, Noyo Harbor (Fort Rragg), 
Tomales Bay (Figure 2 ) ,  and San Francisca Ray; and 10) a cooperative 
aging study with Washington Dept. of Fisheries ( W D F ) .  
bEs532'i 1 0  krn 
FIGURE 1. Pacific herring acoustic survey and sampling areas i n  San Francisco 
. - 
Bay, 1985-86. 
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FIGWE 2. Tmation of Pacific herring sanpling areas .in C;ll.ifomia and 
Washington, 1985-86. 
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METHODS 
Non-spawning Season  F i e l d  Sampling 
The Depar tment  o f  F i s h  and Game's Bay-Del ta  P r o j e c t ,  S t o c k t o n ,  
c o l l e c t e d  s a m p l e s  o f  Y O Y ,  j u v e n i l e ,  and a d u l t  h e r r i n g  i n  San F r a n c i s c o  
Bay from March t o  Augus t ,  1985 .  A l l  s a m p l e s  were f r o z e n  and  d e l i v e r e d  
t o  t h e  Menlo P a r k  l a b o r a t o r y  where t h e y  were thawed,  m e a s u r e d ,  s e x e d  
i f  p o s s i b l e ,  weighed ,  and subsampled  f o r  o t o l i t h  a g i n g .  
One s a m p l e  o f  YOY h e r r i n g  from San  F r a n c i s c o  Bay was p r o v i d e d  
by t h e  N a t i o n a l  Marine F i s h e r i e s  S e r v i c e ,  T i b u r o n ,  i n  May 1985.  
Two s m a l l  s a m p l e s  o f  a d u l t  h e r r i n g  were o b t a i n e d  f rom t h e  Monterey 
Bay spr ing-summer f i s h e r y  i n  May and August  1985  by t h e  D e p a r t m e n t ' s  
Monterey p e r s o n n e l .  
Spawning Season  F i e l d  Work 
Resea rch  V e s s e l s  
The 2 3 - f t  R/v PANDALUS was used  on  a l l  f i e l d  d a y s  i n  San  F r a n c i s c o  
Bay from O c t o b e r  t o  March. Three  s a m p l i n g  s u r v e y s  i n  Tomales  Bay were 
-.  
c o n d u c t e d  o n  t h e  v e s s e l  F/v NORWESTER. 
A c o u s t i c  M o n i t o r i n g  
H y d r o a c o u s t i c  s u r v e y s  were c o n d u c t e d  3 or 4 d  e a c h  week u s i n g  a  
Raytheon model  DE-719B r e c o r d i n g  f a t h o m e t e r  d e p t h  s o u n d e r .  A r e a s  s u r -  
veyed i n c l u d e d  c e n t r a l  San  F r a n c i s c o  Bay and t h e  Golden G a t e  bounded 
b y  t h e  Richmond-San R a f a e l  B r i d g e ,  Oakland-Bay B r i d g e ,  and  P t .  B o n i t a  
( F i g u r e  l), h e r e a f t e r  r e f e r r e d  t o  a s  n o r t h  b a y ,  and s o u t h e r n  bay  waters 
be tween  t h e  Oakland-Bay B r i d g e  and O y s t e r  P o i n t  ( F i g u r e  l ) ,  h e r e a f t e r  
r e f e r r e d  t o  a s  s o u t h  bay .  A c o u s t i c  m o n i t o r i n g  was done  a t  a  s p e e d  o f  
app rox  i m a t e l y  8 kn . 
Herring schools were plotted on charts of San Francisco Bay using 
a combination of calculated horizontal school dimensions and bottom 
depths from acoustic echograms, and compass bearings from known land- 
marks. A Housten Instrument HI-PAD digitizer was used to trace surface 
area. The PASCAL program HPDAREA was u s e d  to calc~ilate surface area of 
schools or portions of schools with approximately uniform density and 
height in the water column, based on visual examination of acoustic 
echograms . 
2 Density estimates (tons/lo6 ft ) were then assigned to each school 
based on calibration factors developed during charter of a purse seine 
vessel in 1983 (Reilly and Moore 1983) and modified from intercalibra- 
tion factors obtained in February and May, 1985 from a WDF Biosonics 
model echo sounder and echo integrator (Reilly and Moore 1985). 
Finally, school biomass was calculated for each school surveyed. 
- 
Sampling Gear Types 
Gill. Nets. - During the season, nylon multifilament, variable mesh 
1. 
---- 
gill nets were used to sample herring in depths from 6 to 65 ft. From 
November 15, 1985 to January 6 ,  1986 the mesh array consisted of five 
10-ft long by 6-ft high panels with mesh size 1.5, 1.75, 2.0, 2.25, 
and 2.5 in. From January 7,  1986 until the end of the season, a 60-ft 
long net was used with an additional panel of mesh size 1.25 in. Nets 
were anchored and marked by floats. Soak times varied from 10 min to 
Midwater Trawl. A 12-ft square (mouth-opening), 65-ft long, 
double warp midwater trawl with an 0.5-in. stretched-mesh cod end was 
used throughout the season. Tow speed was approximately 3 kn and tow 
duration ranged from 5 to 30 min. 
Commercial Fishery. From January 6 to March 3, 1986, samples 
were obtained from purse seine and lampara boats. Fish were either 
collected with a brail as they were brought to the side of the boat 
with the seine or lampara net or obtained from a bin at an offloading 
dock . 
From December 3, 1985 to February 6, 1986, additional samples 
were taken from gill net boats. 
Field Processing of Samples 
Body length (BL), the Department's standard measurement for 
herring (Spratt 1981), was determined for all fish to the nearest 
millimeter from the tip of the snout to the end of the pigment under- 
neath the last column of scales on the caudal peduncle. All fish were 
sexed and assigned a maturity code of either unripe, mature, or spent. 
One or more subsamples of approximately 17 fish per 10-mm size class 
were retained from each school for weighing and aging. This stratified 
random sampling for age composition allows us to age more older fish, 
--. 
--- 
which occur infrequently in random samples and have higher variability 
in growth. To improve age assignments for larger fish, additional her- 
ring - > 210 mm BL were selected and aged to augment our age-length data 
base. 
All variable-mesh gill net samples were separated by mesh size. 
Additional unripe females were retained for fecundity studies. 
Samples for morphometric analysis were measured, separated by size 
class, and sexed only if sex products could be gently squeezed from the 
ventral opening. Approximately 15 fish per 10-mm size class were re- 
tained from each of four locations in California. 
Temperature and  S a l i n i t y  P r o f i 1 . e ~  
Temperature and  s a l i n i t y  p r o f i l e s  were d e t e r m i  ned on m o s t  f i c l d  
d a y s  i n  San F r a n c i s c o  Bay e i t h e r  near P e n i n s u l a  P o i n t  Buoy o r  t h e  
O a k l a n d - ~ a y  ridge ( p i e r  2 4 )  a t  San  F r a n c i s c o  ( F i g u r e  1) u s i n g  a  M a r t e k  
Mark V I  W a t e r  Q u a l i t y  A n a L y z e r ,  The  i n s t r u m e n t  i s  c a l i b r a t e d  a n n u a l l y  
a t  M a r t e k  h e a d q u a r t e r s  i n  I r v i n e ,  C a l i f o r n i a .  R e a d i n g s  were t a k e n  f r o m  
t h e  s u r f a c e  t o  a p p r o x i m a t e l y  20 m a t  5-m i n t e r v a l s .  P r o f i l e s  u s u a l l y  
were o b t a i n e d  d u r i n g  i n c o ~ n i n g  o r  "nigh t i d e  to s t a n d a r d i z e  m e a s u r e m e n t s  
when p o s s i b l e .  S e v e r a l  s u r f a c e  s a l i n i t y  r e a d i n g s  were d o n e  b y  t h e  
u n i t e d  S t a t e s  ~ e o l o g i c a l  S u r v e y ,  Pa1.o A l t o ,  when t h e  M a r t e k  u n i t  was 
no t  f u n c t i o n a l .  
L a b o r a t o r y  P r o c e s s i n g  o f  S a m p l e s  
L e n g t h  a n d  Weigh t  
A l l  h e r r i n g  s u b s a m p l e s  wers r e t u r n e d  t o  t h e  Menlo P a r k  l a b o r a -  
t o r y ,  f r o z e n ,  a n d  t h a w e d  b e f o r e  p r o c e s s i n g .  F r o z e n / t h a w e d  l e n g t h s  
w e r e  m a t c h e d  w i t h  f r e s h  l e n g t h s  f rom t h e  f i e l d ,  o r  a  c o r r e c t i o n  f a c t o r  
.  
of 1 . 0 2 0 ,  1 . 0 2 2 ,  1 . 0 2 1  f o r  m a l e s ,  f e m a l e s ,  o r  u n s e x e d  h e r r i n g ,  r e s p e c -  
t i v e l y ,  was a p p l i e d  t o  a c c o u n t  f o r  s h r i n k a g e .  F r e s h  o r  c o r r e c t e d  
l e n g t h s  were u s e d  i n  a l l  d a t a  a n a l y s e s .  W e i g h t  was d e t e r m i n e d  t o  t h e  
n e a r e s t  0 . 1  g ;  w e  f o u n d  no  s i g n i E i c a n t  d i f f e r e n c e  b e t w e e n  f r e s h  w e i g h t  
and f r o z e n / t h a w e d  w e i g h t .  F i s h  t h a t  were s p e n t  o r  p a r t i a l l y  s p e n t  
were n o t  w e i g h e d .  
R o e  W e i g h t  v s .  L e n g t h  a n d  W e i g h t  
R i p e  f e m a l e s  w i t h  f u l l  g o n a d s  were w e i g h e d  a n d  m e a s u r e d  i n  t h e  
l a b  a f t e r  t h a w i n g .  O v a r i e s  were t h e n  e x t r a c t e d  a n d  w e i g h e d .  Cor-  
rected l e n g t h s  were a s s i q n e d  b e f o r e  d a t a  were a n a l y z e d .  
F e c u n d i t y  
O v a r i e s  f rom u n r i p e  f e m a l e s  were p l a c e d  i n  5% f o r m a l i n  f o r  a  min- 
imum o f  1 wk. They were t h e n  r i n s e d  i n  w a t e r ,  b l o t t e d  d r y ,  and  weighed 
to  t h e  n e a r e s t  0 .01  g .  Two s u b s a m p l e s ,  we igh ing  a p p r o x i m a t e l y  0 .5  g  
each, were t h e n  c o u n t e d  from t h e  c e n t e r  o f  e a c h  p a i r  o f  o v a r i e s ;  gen-  
e r a l l y  t h i s  i n v o l v e d  a b o u t  1000 e g g s .  T o t a l  number o f  e g g s  was t h e n  
c a l c u l a t e d .  C o r r e c t i o n  f a c t o r s  were a p p l i e d  t o  1984-85 and  1985-86 
mean r a t i o s  o f  eggs /g  o f  f e m a l e  based  o n  d i f f e r e n c e s  be tween  w e i g h t  o f  
r i p e  and  u n r i p e  f e m a l e s  o f  t h e  same l e n g t h .  Weight w a s  c a l c u l a t e d  f o r  
a t y p i c a l  1 8 5  mm f e m a l e  f rom w e i g h t / l e n g t h  r e g r e s s i o n s  f o r  a l l  r i p e  
f e m a l e s  and f o r  t h o s e  u n r i p e  f e m a l e s  u sed  f o r  f e c u n d i t y  es t imates .  
The p e r c e n t a g e  d i f f e r e n c e  was t h e n  a p p l i e d  t o  mean r a t i o s  o f  eggs /g  t o  
a c c o u n t  f o r  i n c r e a s e  i n  t o t a l  w e i g h t  o f  f e m a l e s ,  d u e  t o  h y d r a t i o n  o f  
e g g s ,  j u s t  p r i o r  t o  spawning .  These c o r r e c t i o n  f a c t o r s  w i l l  d e c r e a s e  
the c a l c u l a t e d  mean r a t i o s  o f  e g g s / g .  
' 1 0 t o l i t h s  
O t o l i t h s  were removed from h e r r i n g ,  rubbed  c l e a n  on  w e t  p a p e r  
towels ,  p l a c e d  i n  e t h a n o l ,  and s t o r e d  d r y  i n  g e l a t e i n  c a p s u l e s .  
O t o l i t h s  were r e a d  i n  e t h a n o l  u n d e r  a d i s s e c t i n g  m i c r o s c o p e  b y  two 
r e a d e r s  i n d e p e n d e n t l y .  When d i s a g r e e m e n t  o c c u r r e d  i n  a g i n g ,  t h e  f i r s t  
r e a d e r  would re-examine t h e  o t o l i t h s .  I f  o t o l i t h s  were o f  p o o r  q u a l -  
i t y ,  or a g r e e m e n t  c o u l d  n o t  b e  r e a c h e d ,  t h e  o t o l i t h s  were e i t h e r  s e n t  
to Jerome S p r a t t  f o r  a n o t h e r  r e a d i n g  o r  t h e  a g e  d e t e r m i n a t i o n  was n o t  
u s e d .  
A s s i g n e d  A g e  by  Length  
Using o u r  a g e - l e n g t h  key  f o r  1985-86 h e r r i n g ,  a g e s  were a s s i g n e d  
t o  l e n g t h s  of f i s h  (2-mm i n t e r v a l s )  n o t  a g e d ,  b a s e d  o n  t h e  r e l a t i v e  
p e r c e n t a g e  c o m p o s i t i o n  o f  a g e s  (ftcrn o t o l i t h s )  f o r  a p a r t i c u l a r  s i z e  
i n t e r v a l .  A l l  f i s h  n o t  aged  were combined b y  ciss igned s c h o o l  numbers 
b e f o r e  a g e s  wcre g i v e n  t o  l e n g t h s .  
Ass igned  S c h o o l  Numbers 
A s c h o o l  number was used  t o  d e f i n e  e a c h  h e r r i n g  s c h o o l  t h a t  spawned 
i n  San F r a n c i s c o  Bay. Each sample  of h e r r i n g  was a s s i g n e d  t o  a  s c h o o l  
based  on a  c o m b i n a t i o n  o f  f a c t o r s :  1) d a t e  of s a m p l e ;  2 )  d a t e  o f  
spawning f rom egg d e p o s i t i o n  s u r v e y s ;  3 )  h y d r o a c o u s t i c  o b s e r v a t i o n s  o f  
s c h o o l i n g  p a t t e r n s  and spawning  e v e n t s ;  4 )  p e r c e n t a g e  o f  u n r i p e  f e m a l e s  
i n  t h e  s a m p l e ;  5 )  e x a m i n a t i o n  o f  d a i l y  l a n d i n g s  o f  t h e  commerc ia l  f l e e t  
and a  knowledge o f  t h e i r  f i s h i n g  l o c a t i o n s ;  and  6 )  m i s c e l l a n e o u s  i n f o r -  
m a t i o n  from c o n v e r s a t i o n s  w i t h  f i s h e r m e n .  
T o t a l  Age Compos i t i on  f o r  Spawning Season  
T o t a l  p e r c e n t a g e  a g e  c o m p o s i t i o n  was c a l c u l a t e d  for t h e  e n t i r e  
spawning s e a s o n  based  on  two s e p a r a t e  b iomass  e s t i m a t e s  b y  s c h o o l :  
--.- 
1) t h e  sum o f  spawn escapemen t  e s t i m a t e  ( S p r a t t  1 9 8 6 a )  p l u s  c o m n e r c i a l  
1
catch; 2 )  o u r  h y d r o a c o u s t i c  b iomass  e s t i m a t e s  ( S p r a t t ' s  e s t i m a t e s  were 
used f o r  s c h o o l s  n o t  d e t e c t e d  h y d r o a c o u s t i c a l l y ) .  To c a l c u l a t e  t o t a l  
p e r c e n t a g e  a g e  c o m p o s i t i o n  by  number,  mean BL by s c h o o l  was c o n v e r t e d  
t o  mean w e i g h t ,  u s i n g  v a l u e s  f rom Appendix F .  Each b iomass  e s t i m a t e  
f o r  e a c h  s c h o o l  was d i v i d e d  by t h e  a p p r o p r i a t e  mean w e i g h t ,  and p e r -  
c e n t a g e  a g e  c o m p o s i t i o n  was used  t o  c a l c u l a t e  t o t a l  number o f  f i s h  b y  
a g e  f o r  e a c h  s c h o o l .  Numbers f o r  e a c h  a g e  were  t h e n  summed and  d i v i d e d  
b y  t o t a l  number o f  f i s h  t o  c a l c u l a t e  t o t a l  p e r c e n t a g e  a g e  c o m p o s i t i o n .  
For  s c h o o l s  n o t  s a m p l e d ,  d a t a  f rom t h e  n e a r e s t  s c h o o l ,  t e m p o r a l l y ,  
were used .  To c a l c u l a t e  t o t a l  p e r c e n t a g e  age c o m p o s i t i o n  by w e i g h t ,  
1985-86 mean we igh t  a t  a g e  values wcre used a l o n g  w i t h  p e r c e n t a g e  age 
c o m p o s i t i o n  by s c h o o l .  
Random vs. S t r a t i f i e d  Sampl ing  f o r  Age C o n ~ p o s i t i o n  
One random and o n e  s t r a t i f i e d  random sample  e a c h  was t a k e n  f rom 
one s c h o o l  of h e r r i n g  ( s a m p l e  390)  f o r  c o m p a r i s o n  o f  a g e  c o m p o s i t i o n  
data.  F i r s t ,  140  f i s h  were randomly  sampled  b y  p o u r i n g  them f rom a  
b u c k e t ;  a l l  were  s u b s e q u e n t l y  a g e d .  Then a  s t r a t i f i e d  random sample  
was t a k e n  f rom t h e  r e m a i n i n g  f i s h  i n  t h e  u s u a l  manner  w i t h  a  maximum 
o f  17  f i s h  p e r  10-mm BL i n t e r v a l ;  a l l  were s u b s e q u e n t l y  a g e d .  Addi- 
t i o n a l  f i s h  i n  t h e  s ample  which  were  measu red  b u t  n o t  aged  were 
a s s i g n e d  a g e s  b a s e d  o n  t h e  a g e - l e n g t h  key .  P e r c e n t a g e  a g e  c o m p o s i t i o n  
f rom e a c h  s a m p l i n g  method was compared u s i n q  a  C h i - s q u a r e  t e s t .  
Morphomet r ic  A n a l y s i s  o f  N o r t h e r n  C a l i f o r n i a  H e r r i n g  
A s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  i f  " s t o c k s "  o f  h e r r i n g  which 
spawn i n  Humboldt Bay, Noyo Harhor  ( F o r t  B r a g g )  , Tomales  Bay, and San 
F r a n c i s c o  Bay ( F i g u r e  2 )  c o u l d  b e  d i s t i n g u i s h e d  u s i n g  a  ser ies  o f  mor- 
p h o a e t r i c  measu remen t s .  
\ 
---- 
Based o n  a s u c c e s s f u l  s t u d y  i n  B r i t i s h  Columbia (Meng and S t o c k e r  
1984), 1 2  measu remen t s  p l u s  body l e n g t h  (BL) were s e l e c t e d  f o r  a n a l y -  
sis ( T a b l e  1, F i g u r e  3 ) .  A l l  measu remen t s  e x c e p t  BL were made t o  t h e  
n e a r e s t  0 . 1  mm u s i n g  d i v i d e r s  and a  s t a i n l e s s  s t e e l  m e t r i c  r u l e ;  BL 
w a s  measu red  t o  t h e  n e a r e s t  0 . 5  mm. A se r i e s  o f  1 5  r e p l i c a t e  measu re -  
m e n t s  was made f o r  e a c h  p a r a m e t e r  o n  one  f i s h  t o  d e t e r m i n e  t h e  
s t a n d a r d  error o f  e a c h  measu remen t .  T h i s  s t a n d a r d  error was compared 
w i t h  t h e  c o r r e s p o n d i n g  sample  v a r i a n c e  t o  e v a l u a t e  t h e  p r e c i s i o n  o f  
measurement  o f  e a c h  p a r a m e t e r .  A l l  measu remen t s  were done  b y  t h e  same 
p e r s o n .  All f i s h  were thawed and p r o c e s s e d  s h o r t l y  t h e r e a f t e r  i n  
g r o u p s  o f  5 t o  20 .  The o r i g i n  o f  e a c h  s a m p l e  was unknown t o  t h e  
m e a s u r e r .  F i s h  w e r e  we ighed ,  s e x  was d e t e r m i n e d ,  and  o t o l i t h s  were 
removed a f t e r  measu remen t s  were  c o m p l e t e d .  
TABLE 1, Description of Measurerncnts Used f o r  Murphornc t r i c  
I /  Analysis of P a c i f i c  Herring- 




Insertion of dorsal fin to caudal 
measuring point (end of pigment 
beneath scales on caudal peduncle) 
Insertion of pectoral fin to caudal 
measuring point 
Insertion of pelvic fin to caudal 
measuring point 
SNDORS Tip of snout to insertion of dorsal 
fin 
PECTDORS Insertion of pectoral fin to inser- 
tion of dorsal fin 
PELVHEl Pelvic fin height 
PEDUNCLE Peduncle height 








Distance between pectoral fin 
insertions 
HEADW Head width 
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FIGURE 3.  Location of measurements used for mrphometric analysis of 
Pacific herring. 
Tklc G e n e r a l  Mean r e g r e s s i o n  ( R i c k e r  1 9 1 3 )  was u s e d  t n  co r r ec t  f o r  
d i f f e r e n t  f i s h  l e n g t h s .  S t e p w i s e  d i s c r i m i n a n t  a n a l y s i s  was a p p l i e d  t o  
t h e  1 2  m o r p h o m e t r i c  c h a r a c t e r s  u s i n q  DMDP7M p r o g r a m .  The r e s u l t a n t  
d i s c r i m i n a n t  f u n c t i o n  was u s e d  t o  c l a s s i f y  i n d i v i d u a l  f i s h  i n t o  t h e i r  
s p a w n i n g  g r o u n d s  u s i n g  t h e  j a c k k n i f e d  t e c h n i q u e  (Menq a n d  S t o c k e r  
1 9 8 4 ) .  
L e n g t h  and  w i d t h  o f  o t o l i t h s  f r o m  a 1 1  '180-199-rnm E L  h e r r i n g  were 
m e a s u r e d  u n d e r  a  d i s s e c t i n g  m i c r o s c o p e  w i t h  a n  o c u l a r  m i c r o m e t e r .  
A n a l y s i s  o f  c o v a r i a n c e  was u s e d  t o  t e s t  f o r  d i f f e r e n c e s  o f  mean o t o l i t h  
l e n g t h  a n d  w i d t h ,  c o r r e c t e d  f o r  B L ,  f o r  f i s h  f r o m  Humboldt  Bay ,  F o r t  
B r a g g ,  Tomales Bay,  a n d  S a n  F r a n c i s c o  Bay.  
C o o p e r a t i v e  Aging S t u d y  w i t h  W a s h i n g t o n  D e p a r t m e n t  o f  F i s h e r i e s  
I n  May 1 9 8 5 ,  36 l a r g e  a d u l t  h e r r i n g ,  r a n g i n g  f r o m  2 2 7  t o  266 mm 
BL, were s a m p l e d  f r o m  - t h e  G u l f  o f  Georgia,  I J a s h i n g t o n  ( F i g u r e  2 ) .  Oto- 
l i t h s  were removed and  a g e d  b y  DFG b i o l o g i s t s  R e i l l y ,  Moore ,  a n d  S p r a t t .  
- .. ,Scales were removed a n d  a g e d  b y  WDF b i o l o g i s t s  Dwane Day a n d  P a t  
M c A l l i s t e r .  An a d d i t i o n a l  8 5  G u l f  o f  G e o r g i a  h e r r i n g ,  c o l l e c t e d  a t  t h e  
same t i m e  a n d  r a n g i n g  f r o m  1 3 5  t o  256 mm,  were a g e d  by  R e i l l y ,  Moore 
a n d  S p r a t t .  
I n  F e b r u a r y  1 9 8 6 ,  1 0 5  h e r r i n g ,  r a n g i n g  f rom 1 4 4  t o  213 mm B L ,  were 
s a m p l e d  f r o m  San F r a n c i s c o  Bay. One s c a l e  was removed f r o m  e a c h  f i s h  
d i r e c t l y  b e h i n d  t h e  p e c t o r a l  f i n  a n d  s e n t  t o  WDF f o r  a g i n g .  O t o l i t h s  
f r o m  t h e  same f i s h  were a g e d  b y  R e i l l y  and  Moore. 
Computer  P r o c e s s i n g  o f  S a m p l e s  
L e n g t h ,  w e i g h t ,  s e x ,  a n d  a g e  d a t a  f r o m  a l l  h e r r i n g  s a m p l e s  were 
e n t e r e d  i n  a D i g i t a l  Ra inbow 1 0 0  microcompi!ter u s i n g  d B a s e  I1 p r o g r a m s .  
Mean, s t a n d a r d  d e v i a t i o n ,  s t a n d a r d  e r r o r ,  and s i z e  f r e q u e n c i e s  of B L ,  
by s e x ,  were g e n e r a t e d  for  e a c h  sample .  O t h e r  s t a t i s t i c a l  a n a l y s e s  
were pe r fo rmed  usir.g programs from ARSTAT, SPSS/PC o r  on  t h e  Depar t -  
m e n t ' s  VAX-785 c o m p u t e r ,  BMDP and SAS p rog rams .  
Supp lemen ta ry  Data  
L o c a l  p r e c i p i t a t i o n  and b a r o m e t r i c  p r e s s u r e  d a t a  were o b t a i n e d  
from t h e  N a t i o n a l  C l i m a t i c  Data  C e n t e r ,  A s h e v i l l e ,  Nor th  C a r o l i n a ,  f o r  
San F r a n c i s c o  I n t e r n a t i o n a l  A i r p o r t  f o r  u s e  i n  d e t e r m i n i n g  i f  a  r e l a -  
t i o n s h i p  e x i s t s  w i t h  spawning  e v e n t s .  
Da ta  f rom t h e  D e p a r t m e n t ' s  Bay-Del ta  P r o j e c t ,  S t o c k t o n ,  were  ex-  
amined t o  d e t e r m i n e  c a t c h - p e r - u n i t - e f f o r t  ( C P U E )  o f  YOY h e r r i n g  and 
l e n g t h  f r e q u e n c i e s  o f  YOY and j u v e n i l e  h e r r i n g .  W e  h a v e  u s e d  CPUE d a t a  
f r o m  t h e  P r o j e c t ' s  1980  t o  1985  s p r i n g  and summer m o n t h l y  s a m p l e s  o f  
YOY h e r r i n g  as  i n d i c a t o r s  o f  t h e  s t r e n g t h  o f  t h e  y e a r  c l a s s  o f  new re- 
c r u i t s  which  w i l l  a p p e a r  i n  t h e  f i s h e r y  a p p r o x i m a t e l y  18  m o  l a t e r  as 
2-yr o l d s .  I n  1983  t h e  p r o j e c t  began  i n t e n s i v e  s u r f a c e - t o - 3 0 - f t  m i d -  
. water t r a w l i n g  n e a r  t h e  Golden G a t e  B r i d g e  f o r  o u t - m i g r a n t ,  marked 
--- 
sa lmon ~ m o l t s .  I n c i d e n t a l  c a t c h e s  o f  YOY h e r r i n g  s e r v e  a s  a  compar i son  
of l a r v a l  h a t c h i n g  s u c c e s s  w i t h  mon th ly  t r a w l  s a m p l e s  t h r o u g h o u t  t h e  
bay and may b e  a  b e t t e r  i n d i c a t o r  o f  r e l a t i v e  y e a r  c l a s s  s t r e n g t h .  
Bay-Del ta  P r o j e c t  p e r s o n n e l  u s e  f o r k  l e n g t h  ( F L )  f o r  h e r r i n g .  
A r e g r e s s i o n  was d e v e l o p e d  t o  c o n v e r t  FL t o  BL b e f o r e  l e n g t h  f r e q u e n c y  
h i s t o g r a m s  f o r  YOY and j u v e n i l e  h e r r i n g  w e r e  examined .  
RESULTS 
Non-spawning Season  Sampl ing  
Monterey Bay Spring-Summer F i s h e r y  t 
Two s m a l l  s a m p l e s  were o b t a i n e d  from Monterey Bay i n  May and 
Augus t ,  1985  ( T a b l e  2 ) .  A l l  h e r r i n g  were aged  from 2+ t o  4+  y r .  The 
TARldE 2 .  Nunher  a n d  Age of: ?acif.i.c I l c r r i n q  bv !>orf ir 
L e n g t h  ( 2-mrn J l1terva. l . s )  troi:~ Moneerey !3 : iy ,  
May and A u g u s t ,  1 9 8 5  
S i z e  
i n t e r v a l  
(mm) May A X - - -  1. u s t  
1 5 4 - 5 5  1 
1 5 6  3 
1 5 8  2 
1 6 0  4 
1 6 2  3 
1 6 4  2  4 
1 6 6  2 
1 6 8  1 
1 7 0  2  1 
1 7 2  1 2  
1 7 4  4  4  
1 7 6  
1 7 8  2  6 
1 8 0  2  
1 8 2  5  1 
1 8 4  6 1 
1 8 6  2  
1 8 8  I. 1 
1 9 0  1 
1 9 2  1 1 
1 9 4  
1 9 6  1 
N 27 40 
Mean 1 7 9 . 5  1 7 0 . 8  
S t d .  dev .  7 . 2  1 1 . 0  
----- 
Age Number 
( y e a r s )  May A u g u s t  
1 9 8 2  a n d  1 9 8 3  y r  c l a s s e s  ( 3 + -  a n d  2+-yr o l d s )  composed t h e  m a j o r i t y  o f  
t h e  s a m p l e s ;  t h i s  is  n o t  i n c o n s i s t e n t  w i t h  t h e  t h e o r y  t h a t  t h e s e  f i s h  
spawn i n  S a n  F r a n c i s c o  Bay s i n c e  t h e s e  were s t r o n g  y e a r  c lasses  d u r i n g  
t h e  1985-86 s p a w n i n g  s e a s o n  t h e r e .  
Bay-Del ta  P r o j e c t  L e n g t h  F r e q u e n c y  S a m p l e s  
The r e g r e s s i o n  f o r  c o n v e r t i n g  FL t o  BL,  b a s e d  o n  m e a s u r e m e n t s  o f  
1 2 3  YOY a n d  j u v e n i l e  h e r r i n g ,  was: 
BL = 0 .62668  + 0.93059 FL.  
Leng th  f r e q u e n c i e s  were c o m p i l e d  f o r  1884  YOY h e r r i n g  f r o m  m o n t h l y  
s t a t i o n s  f r o m  San  F r a n c i s c o  Bay Crom March t o  J u l y  1 9 8 5  a n d  f o r  8890 
YOY a n d  2584 j u v e n i l e  ( I + - y r  o l d )  h e r r i n g  f r o m  s a l m o n  t r a w l  s t a t i o n s  
n e a r  t h e  G o l d e n  G a t e  B r i d g e  ( G G B )  f r o m  A p r i l  t o  J u l y  ( F i g u r e  4 ) .  Most 
YOY h e r r i n g  i n  t h i s  t i m e  p e r i o d  r a n g e d  f r o m  30 t o  8 0  mm D L  a n d  m o s t  
j u v e n i l e s  were c l u s t e r e d  a t  120-160 mm RL. The f e w  h e r r i n g  i n  t h e  
80-120 mm BL r a n g e  may h a v e  r e s u l t e d  f rom smal l ,  i s o l a t e d  p r e -  or p o s t -  
. 
1 
s e a s o n  s p a w n s  ( e a r l y  O c t o b e r  o r  Apr i l -May)  o r  may i n d i c a t e  a n o m a l o u s  
g r o w t h  f o r  h e r r i n g  h a t c h e d  d u r i n g  t h e  t r a d i t i o n a l  s p a w n i n g  s e a s o n  f r o m  
l a t e  O c t o b e r  t o  March.  
M o n t h l y  h i s t o g r a m s  f r o m  t r a w l  s a m p l e s  show a g r a d u a l  i n c r e a s e  i n  
moda l  BL f r o m  May t o  J u l y  ( F i g u r e  4 )  . However ,  s a m p l e s  f r o m  A p r i l  and  
May, b o t h  f r o m  GGB s t a t i o n s  a n d  m o n t h l y  t rawl  s t a t i o n s ,  show a  d e c r e a s e  
i n  m o d a l  BL w i t h  t i m e .  T h i s  i s  d u e  t o  t h e  a v a i l a b i l i t y  o f  YOY h e r r i n g  
t o  t h e  t r a w l  a s  t h o s e  f i s h  f r o m  a p a r t i c u l a r  spawn r e a c h  a  minimum s i z e  
v u l n e r a b l e  t o  c a p t u r e .  Spawning  o c c u r s  a t  a p p r o x i m a t e l y  10-14 d  i n t e r -  
v a l s  o v e r  a 5-mo p e r i o d  a n d ,  a s  YOY f i s h  g r o w ,  t h e y  move t o w a r d s  t h e  
e n t r a n c e  t o  t h e  b a y  ( G G B )  a n d  e v e n t u a l l y  l e a v e .  T h u s ,  l e n g t h  f r e q u e n c y  
modes may s h i f t  t o  t h e  l e f t  a n d  i t  would t h e n  n o t  b e  v a l i d  t o  i n f e r  
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growth from a single mode. However, 70% of our biomass during the 
1984-85 season spawned during a 6-wk period in January and February. 
Modes from large samples in May, June and July most likely reflect the 
growth of the majority of YOY herring. In May, the mode was 42-43 mm, 
in June 50-51 mrn, and in July the mode was 60-61 mm, a growth rate of 
approximately 10 mm per month. This is consistent with a mean BL of 
110-133 mm for 12-mo-old herring, as determined in samples from pre- 
vious years (Reilly and Moore 1985, Spratt 1981). 
An unknown percentage of juvenile herring return to the bay from 
the ocean during their second year. The 1984 yr class, shown as 
juvenile 1+-yr-old herring in Figure 4, experienced a combination of 
relatively warm San Francisco Bay temperatures during hatching and 
early growth phases (Reilly and Moore 1984) as YOY fish, along with 
normal oceanic conditions following the El Niro event from late 1982 
to early 1984 (McGowan 1984). These factors most likely resulted in 
--- 1 highly favorable growth conditions and an above average length £re- 
quency distribution as juveniles. In comparison, juveniles sampled in 
May 1983 and 1984 ranged from 90 to 140 mrn BL and 115 tO 150 mm BL, 
respectively (Reilly, unpublished data). Juveniles in May 1983 had 
experienced a poor combination of below normal bay temperatures during 
hatching and larval development, plus El Ni%o oceanic conditions 
beginning in late 1982. 
NMFS Length Frequency Samples 
A sample of 378 YOY herring from San Francisco in late May 1985, 
collected by NMFS, had a mode at 37-40 mm, similar to Bay-Delta pro- 
ject monthly samples from early May. These fish most likely hatched 
after the last major spawn of the 1984-85 season. 
Bay-Del ta  P r o j e c t  CPUE Data 
A v e r a g e  c a t c h - p e r - u n i t - e f  f o r t  (CPUE) d a t a  f r o m  s n r i n g  a n d  sunirner 
m o n t h l y  s a n p l e s  f r o m  1 9 8 0  t o  1 9 8 5  h a v e  n o t  p r o v e n  t o  be c o n s i s t e n t  
i n d i c a t o r s  o f  r e l a t i v e  y e a r  c l a s s  s t , ] - e n q t h  ( T a b l e  3 ,  p a r t .  1 ) .  A g o o d  
c o r r e l a t i o n  e x i s t e d  f r o m  1 9 8 0  t o  1 9 8 2 ;  tile 1 9 8 1  y r  c l a s s  i s  r e l a t i v e l y  
weak a n d  t h e  1 9 8 2  y r  c l a s s  made a s t r o n g  s h o w i n g  a s  2 - y r  o l d s  i n  t h e  
1983-84 f i s h e r y .  However,  t h e  1 9 8 3  y r  c l a s s  was much s t r o n g e r  t h a n  
would h a v e  b e e n  p r e d i c t e d  f rorn C P U E  d a t a .  B a y - G e l t a  P r o j e c t  rnorl thly 
s a m p l i n g  t h r o u g h o u t  t h e  b a y  d o e s  n o t  t a r g e t  o n  h e r r i n g  and C P U E  d a t a  
may n o t  b e  c o m p a r a b l e  b e t w e e n  y e a r s .  However ,  t h e  d a t a  b a s e  is  u s e f u l  
i n  s h o w i n g  t h e  r a n g e  o f  YOY h e r r i n g  d e n s i t i e s  a n d  c o u l d  s e r v e  as  a n  
e a r l y  i n d i c a t o r  o f  s u c c e s s i v e  y e a r  c l a s s  f a i l u r e s  i f  CPUE r e m a i n e d  l o w  
f o r  s e v e r a l  c o n s e c u t i v e  y e a r s .  
On t h e  o t h e r  hand,  CPUE d a t a  from G G H  s i . a t i o n s  i n  s p r i n g  and sum- 
m e r  may b e  b e t t e r  i n d i c a t o r s  o f  y e a r  c lass  s t r e n g t h .  A l l  YOY h e r r i n g  
----,must p a s s  t h r o u g h  t h e  s a m p l i n g  a r e a  o n  t h e i r  way s e a w a r d  a n d  a t  t h i s  
t i m e  t h e  m a j o r i t y  o f  n a t u r a l  m o r t a l i t y  i n  t h c  h a y  h a s  o c c u r - r e d .  Sam- 
p l i n g  is  a l s o  i n t e n s i v e  a n d  f r e q u e n t .  R e s u l t s  show t h a t  a v e r a g e  CPUE 
i n c r e a s e d  each y e a r  f r o m  1 9 8 3  t o  1 9 8 5  ( T a b l e  3 ,  p a r t  2 ) .  C a l c u l a t i o n  
o f  t o t a l  number o f  2 - y r - o l d  h e r r i n g  i n  San F r ~ n c i s c o  B a y ' s  s p a w n i n g  
p o p u l a t i o n ,  b a s e d  o n  b i o m a s s  e s t i m a t e s  a n d  aqc c o m p o s i t i o n  f o r  e a c h  
spawn i n  1984-85 a n d  1985-86 ( t h i s  r e p o r t ,  Rei1l .y  and  Moore 1 9 8 5 )  show 
t h a t  1384 y r  c l a s s  h e r r i n g  were more  a b u n d a n t  a s  2 -yr  o l d s  t h a n  1983 
y r  c l a s s  h e r r i n g ,  c o n s i s t e n t  w i t h  B a y - D e l t a  P r o j e c t  C P U E  d a t a .  Nex t  
y e a r ' s  p o p u l a t i o n  of 2 - y r  o l d s  w i l l  be a test of t l ~ o  r e l i a b i l i t y  of 
t h e  two i n d i c e s  o f  r e l a t i v c  a b u n d a n c e ;  m o n t h l y  s t a t i o n  CP:JE d a t a  
i n d i c a t e  t h e  1 9 5 5  y r  c l a s s  to he as s t r o n q  a s  t h e  1 9 8 4  y r  class, w h i l e  
salrnon t r a w l  CPUf: d a t a  i n d i c a t e  a ~ ~ 3 1 ; l t i v ~ ~ 7 _ ~ ~  ;t roncjc-rr 1085  y r  c l a s s .  
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TABLE 3 .  M o n t h l y  A v e r a g e  C a t c h  p e r  Tow o f  Y o u n g - o f - t h e - y e a r  
P a c i f i c  H e r r i n g  i n  S a n  F r a n c i s c o  Bay,  A p r i l  t o  A u g u s t ,  
1980  t o  1985 .  
p a r t  1. B a y - D e l t a  P r o j e c t  M o n t h l y  S t a t i o n  D a t a .  
Year  
1980  1 9 8 1  1 9 8 2  
Number C a t c h  Number C a t c h  Number C a t c h  
Month o f  tows p e r  t o w  o f  t o w s  p e r  t o w  
-- 
o f  t o w s  p e r  t o w  
Apr i 1 33 33 .1  34 1 1 . 8  35  1 9 . 3  
May 35  5 1 . 3  33  1 . 6  35  162 .8  
J u n e  36 26 .3  35 3 .4  35 1 0 0 . 9  
J u l y  36 134 .8  34 9.7 35 1 2 7 . 1  
Augus t  32 1 6 . 0  35 3 .3  35  43 .3  
Year 
1983  
Number C a t c h  
1984  
-- 
Number C a t c h  
1 9 8 5  
Number C a t c h  
Month o f  t o w s  p e r  t o w  o f  tows p e r  t o w  o f  t o w s  p e r  t o w  
A p r i l  35  0 .9  20 109 .9  42 42 .1  
May 35  3 . 9  29 74 .0  25 68.3  
J u n e  35 9 .3  16  28.7 35 87.9 
J u l y  50 1 . 4  1 0  1 1 . 0  35 45.2 
A u g u s t  20 0 . 1  4  4 .0  35  22.1 
'part 2.. B a y - D e l t a  P r o j e c t  D a t a  f r o m  T r a w l s  f o r  Sa lmon  S m o l t s .  
Year 
1983  1984  1 9 8 5  
Number C a t c h  Number C a t c h  Number C a t c h  
Flon t h o f  t o w s  p e r  t o w  o f  t o w s  p e r  t o w  o f  t o w s  p e r  t o w  
A p r i l  67 152 .9  50 290.6 90 1364 .3  
May 180  377.7  110  677 .6  230 1109 .8  
J u n e  150  1 1 3 . 3  110  1204 .6  70 2246 .3  
e a r l y  J u l y  1 0  0 .0  80 422.8  - - 
l a t e  J u l y  2  0  1 . 4  70 5.0 49 272.4 
A u g u s t  40 0 .4  30 2 .6  - - 
Acoustic M o n i t o r i n g  
Summary o f  H e r r i n g  S c h o o l s  i n  San F r a n c i s c o  Bay 
W e  d e t e r m i n e d  t h a t  a minimum of  1\ine d i s c r e t e  s c h o o l s  o c c u r r e d  i n  
San F r a n c i s c o  Bay d u r i n g  t h e  1985-86 s e a s o n  ( T a b l e  4 ) .  T h i s  i.s b a s e d  
on a  c o m b i n a t i o n  o f  h y d r o a c o u s t i c  s u r v e y s ,  r e c o r d e d  spawns ,  d a t a  on  
h e r r i n g  m a t u r i t y ,  l o c a t i o n  o f  commerc ia l  f i s h i n g  a c t i v i t y ,  and p e a k s  
i n  commerc ia l  l a n d i n g s .  Spawns o c c u r r e d  a t  a p p r o x i m a t e l y  2-wk i n t e r -  
v a l s  u n t i l  F e b r u a r y  s t o r m s  d i s r u p t e d  t h e  p a t t e r n .  O c c a s i o n a l l y ,  t w o  
s c h o o l s  o r  s e v e r a l  p a r t s  o f  t h e  same s c h o o l  were p r e s e n t  i n  s e p a r a t e  
a r e a s  o f  t h e  bay .  
On O c t o b e r  30 a n  a c o u s t i c  t r a c e  o f  a s c h o o l  was o b t a i n e d  i n  
Raccoon S t r a i t ,  60-80 f t  d e e p .  Anchovies  were p r e s e n t  i n  t h e  bay  a t  
t h i s  t i n o  and  t h e  s c h o o l  c o m p o s i t i o n  cou1.d n o t  b e  v e r i f i e d  by Sam- 
p l i n g .  However, t h e  f i r s t  h e r r i n g  spawn o f  t h e  s e a s o n  o c c u r r e d  t h a t  
n i g h t  i n  B e l v e d e r e  Cove, one  m i l e  f rom K i e l  Cove, l o c a t i o n  of t h e  
f i r s t  spawn f o r  t h e  p a s t  4 y r .  
---.
Vas t  q u a n t i t i e s  o f  a n c h o v i e s  were p r e s e n t  i n  n o r t h  b a y  w a t e r s  
d u r i n g  t h e  f i r s t  3  wk o f  November, b u t  a  small s c h o o l  of h e r r i n g  was 
mon i to red  f rom November 8 t o  1 5  n e a r  S a u s a l i t o  and i n  Raccoon S t r a i t .  
A good b i o l o g i c a l  s a ~ n p l e  was o b t a i n e d  Novkn5er 1 5 ,  and t h e  spawn 
o c c u r r e d  t h e  f o l l o w i n q  2ay i n  Kiel Cove. 
A ~ ~ Z n o o l  (number  3 )  w a s  f i r s t  d e t e c t e d  November 2 1  i n  Raccoon 
,#/ 
- - ~ < c r a i t  a t  d e p t h s  of 60-80 f t .  These  m a t u r e  h e r r i n g ,  v e r i f i e d  by t r a w l  
and g i l l  n e t  s a m p l e s ,  moved t o  t h e  s o u t h  bay t h e  n e x t  d a y  where a n o t h e r  
good a c o u s t i c  t r a c e  was o b t a i n e d .  For t h e  r e s t  of t h e  month p a r t s  o f  
t h e  s c h o o l  were s c a t t e r e d  from S a u s a l i t o  t o  C e n t r a l  B a s i n .  The XH g i l l  
n e t  s e a s o n  opened o n  December 1 and  on December 3 m o s t  o f  t h e  s c h o o l  
TABLE 4 .  Summary o f  I - ler r ing S c h o o l s  i n  S a n  F r a n c i s c o  Bay ,  
O c t o b e r  1 9 8 5  t o  March 1 9 8 6 .  
Spawn H y d r o a c o u s t i c  S c h o o l  
A s s i g n e d  e s c a p e m e n t  Commerc ia l  b i o m a s s  s u r f  a c e  
s c h o o l  Spawning Spawnin  e s t i m a t e  c a t c h  e s t ima te  a r e a  
number d a t e s  l o c a t i o n % /  ( t o n s )  ( t o n s )  ( t o n s )  (ft 2  )_ 
1 O c t  30 BELV 1 5  c l o s e d  -_ 2/ 
2 Nov 16-  KC 5 5  c l o s e d  1 2 0  6 3 .7x107 
3 Dec 3-6- t r*  380 1 2 9 0  1 . 6 ~ 1 0  
3 Dec 8  SAUS 8 0  - 
4  Dec 17-19 SF 4400 1 2 1 0  4935 8 .5x107  
5 J a n  5-8 SF,COY 1 8 , 0 1 0  2385- 1 6 , 4 0 0  4  . 8 x l o 7  4/ 
6  J a n  5-8 SAUS 4380 -- 5/ -- 5/ 
7 J a n  19-22 TIB,RELV 8470 1 5 7 0  6 0 2 5  9 . 7 ~ 1 0 7  
KC,  RCMD 
8 Feb  4-7 SAUS 5920 1 1 8 0  6600  8 . 4 ~ 1 0 7  
9 Mar 5 A 1  440 5 7 5  1 2 5 5  3 . 0 ~ 1 0 7  
1/ Legend: AI-Angel I s l a n d ;  BELV-Belvedere;  COY-Coyote P o i n t ;  KC-Kiel 
- 
Cove; RCMD-Richmond; S A U S - S a u s a l i t o  t o  G o l d e n  G a t e  B r i d g e ;  SF-San 
. F r a n c i s c o  f rom O a k l a n d  Bay B r i d g e  t o  C a n d l e s t i c k  P o i n t ;  T I B - T i b u r o n .  
1 I 
2/ A s c h o o l  was d e t e c t e d  b u t  n o t  v e r i f i e d  by  s a m p l i n g ;  may h a v e  b e e n  
- 
a n c h o v i e s .  
3/ E x p l o r a t o r y  s p a w n i n g  b e h a v i o r  i n d i c a t e d  by c a t c h  o f  g i l l  n e t  
- 
b o a t s  a l o n g  San  F r a n c i s c o  s h o r e l i n e ;  h c w e v e r ,  s u b s e q u e n t  
s u r v e y s  y i e l d e d  o n l y  t r a c e  a m o u n t s  o f  spawn d e p o s i t i o n .  
4/ Unab le  t o  s e p a r a t e  c a t c h  b y  a r e a  f o r  t h e s e  t w o  s i m u l t a n e o u s  s p a w n s .  I 
5 /  S c h o o l  was n o t  d e t e c t e d  h y d r o a c o u s t i c a l l y  p r i o r  t o  s p a w n i n g .  
- 
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was n e a r  San F r a n c i s c o  s o u t h  o f  t h e  Oakland Bay B r i d g e .  T h e  f l e e t  
l anded  380 t o n s  f rom December 3 t o  6 ,  b u t  spawn e s c a p e m e n t  s u r v e y s  by  
nFG p e r s o n n e l  y i e l d e d  o n l y  t r a c e  amounts  of  eggs .  A p p a r e n t l y  p a r t  of 
t h e  s c h o o l  remained  i n  n o r t h  bay  w a t e r s  a s  e v i d e n c e d  by  a  s m a l l  spawn 
The s h i f t  i n  a c t i v i t y  t o  s o u t h  bay  w a t e r s  i n  e a r l y  December was 
s i m i l a r  t o  t h a t  o f  t h e  p r e v i o u s  s e a s o n .  On f o u r  o c c a s i o n s  f rom 
December 6 t o  1 3 ,  1985 ,  good a c o u s t i c  t r a c e s  were o b t a i n e d  o f  s c h o o l  4 ,  
i n i t i a l l y  be tween  t h e  Oakland Bay and Golden G a t e  B r i d g e s  and  t h e n  
s o u t h  o f  t h e  Oakland Bay B r i d g e .  A t r a w l  s ample  o n  December 11 con-  
t a i n e d  4 4 %  u n r i p e  f e m a l e s ,  b u t  b y  December 1 3  a  commerc i a l  g i l l  n e t  
sample  y i e l d e d  o n l y  15% u n r i p e  f e m a l e s .  T h i s  was t h e  f i r s t  l a r g e  
s c h o o l  o f  t h e  s e a s o n  and  a l l o w e d  XH g i l l n e t t e r s  t o  r e a c h  t h e i r  q u o t a ;  
spawning o c c u r r e d  December 17-19 a l o n g  t h e  San F r a n c i s c o  s h o r e l i n e ,  
On December 20  two s m a l l ,  new s c h o o l s  ( 5 )  were f i r s t  d e t e c t e d  i n  
. . n o r t h  bay  waters.  More h e r r i n g  e n t e r e d  t h e  bay  t h r o u g h  t h e  end  o f  
\ 
December and  t h e  s c h o o l  c o a l e s c e d  i n t o  a l a r g e  mass  e x t e n d i n g  from 
A l c a t r a z  t o  C e n t r a l  B a s i n .  On J a n u a r y  2 a c o u s t i c  m o n i t o r i n g  y i e l d e d  
t w o  v e r y  s m a l l  s c h o o l s  i n  n o r t h  bay  w a t e r s  w h i l e  t h e  l a r g e  s c h o o l  was 
s t i l l  p r e s e n t  n e a r  San F ranc i sco , .  A se r ies  o f  s t o r m s  e n s u e d  and o n  
Janua ry  5 ,  o p e n i n g  day  f o r  t h e  "odd"  g i l l  n e t  and  r o u n d h a u l  f l e e t s ,  




- -fl-c?te s u r p r i s e  w a s  t h e  s i m u l t a n e o u s  spawning o f  a n o t h e r  l a r g e  s c h o o l  
,' 
n e a r  S a u s a l i t o .  These  f i s h  a p p a r e n t l y  e n t e r e d  t h e  bay  1 or  2 d  e a r l i e r  
and  were n o t  d e t e c t e d  h y d r o a c o u s t i c a l l y  u n t i l  spawning  was i n  p r o g r e s s .  
The d e n s e ,  n e a r - b o t t o m  a g g r e g a t i o n s  o f  s p a w n e r s  p r o h i b i t  b i o m a s s  e s t i -  
m a t i o n  b y  o u r  v i s u a l  i n t e g r a t i o n  t e c h n i q u e .  G i l l  n e t t e r s  l a n d e d  2170 
tons  f r o m  t h e s e  two s c h o o l s  i n  24 h r  a n d  l a m p a r a  b o a t s  c a u g h t  a b o u t  
2 1 5  t o n s .  
S c h o o l  7  was  f i r s t  m o n i t o r e d  J a n u a r y  9 n e a r  S a n  F r a n c i s c o ;  a t r a w l  
s a m p l e  c o n t a i n e d  50% u n r i p e  f e m a l e s .  Four  d a y s  l a t e r ,  t h i s  s c h o o l  was 
s t i l l  i n  s o u t h  b a y  waters when a n o t h e r  s c h o o l  was  d e t e c t e d  f r o m  t h e  
G o l d e n  G a t e  B r i d g e  t o  Raccoon S t r a i t ;  a  g i l l  n e t  s a m p l e  c o n t a i n e d  o n l y  
18% u n r i p e  f e m a l e s .  On J a n u a r y  1 5  a l a m p a r a  n e t  s a m p l e  f r o m  t h e  s o u t h  
b a y  n e a r  Yerba  Ruena I s l a n d  s t i l l  h a d  50% u n r i p e  f e m a l e s .  By J a n u a r y  
19 t h e  s c h o o l s  b e g a n  t o  spawn i n  t h e  Richmond,  T i b u r o n ,  a n d  B e l v e d e r e  
a r e a s .  T h i s  a c c o u n t e d  f o r  t h e  m a j o r i t y  o f  t h e  " e v e n "  g i l l  n e t  p l a t o o n  
c a t c h  a n d  a b o u t  1 6 5  t o n s  o f  r o u n d h a u l  l a n d i n g s .  T h i s  was a l s o  a 
s i g n i f i c a n t  d e v i a t i o n  f r o m  s p a w n i n g  p a t t e r n s  i n  t h e  r e c e n t  p a s t ,  i n  
w h i c h  t h e  S a n  F r a n c i s c o  s h o r e l i n e  h a s  b e e n  u s e d  almost e x c l u s i v e l y  i n  
-. 
J a n u a r y .  The Richmond a r e a  h a d  n o t  b e e n  u s e d  s i n c e  December 1 9 8 0 .  
--- 
On J a n u a r y  27 a n o t h e r  l a r g e  s c h o o l  ( 8 )  w a s  d e t e c t e d  a c o u s t i c a l l y  
i n  t h e  s o u t h  b a y  a n d  c o n t a i n e d  25% u n r i p e  f e m a l e s .  A n o r t h w a r d  move- 
m e n t  a g a i n  o c c u r r e d  b e t w e e n  F e b r u a r y  3 a n d  5 ,  a n d  t h e  f i r s t  s i g n i f i c a n t  
p u r s e  s e i n e  l a n d i n g s  were r e c o r d e d  o n  t h e  5 t h .  Spawning o c c u r r e d  
F e b r u a r y  4  t o  7 a l o n g  t h e  S a u s a l i t o  s h o r e l i n e  a l t h o u g h  a s m a l l  p a r t  o f  
the  s c h o o l  r e m a i n e d  i n  t h e  s o u t h  b a y  a n d  w a s  f i s h e d  by  g i l l  n e t t e r s .  
This s c h o o l  w a s  r e s p o n s i b l e  f o r  t h e  r e m a i n d e r  o f  t h e  " e v e n "  g i l l  n e t  
p l a t o o n  c a t c h  a n d  a c c o u n t e d  f o r  a b o u t  7 1 5  t o n s  o f  r o u n d h a u l  l a n d i n g s .  
W h i l e  h e r r i n g  were s p a w n i n g  i n  S a u s a l i t o  F e b r u a r y  6 ,  a s m a l l ,  
new s c h o o l  was f o u n d  i n  t h e  s o u t h  b a y  a n d  c o n t a i n e d  7 5 %  u n r i p e  f e m a l e s .  
F o u r  d a y s  l a t e r ,  a s e c o n d  new s c h o o l  was  m o n i t o r e d  s e a w a r d  o f  t h e  
Golden Ga te  B r i d g e .  H e r r i n g  were test:cd f o r  roe eont .e r t t  by a p u r s e  
s e i n e  vessel and r e l e a s e d .  On F e b r u a r y  1 3 ,  l i g h t - t o - m o d e r a t e  d e n s i t y  
f i s h  were  s c a t t e r e d  n e a r  t h e  Golden Ga te  B r i d g e ,  A l c a t r a z ,  and 
t h r o u g h o u t  t h e  S o u t h  Bay. A v i o l e n t  ser ies  of storms t h e n  e n s u e d  and 
r a d i c a l l y  a l t e r e d  t h e  e s t u a r i n e  e n v i r o n m e n t  f o r  t h e  r e m a i n d e r  o f  t h e  
spawning season. Roundhaul v e s s e l s  l a n d e d  a b o u t  SO t o n s  d u r i n g  windows 
i n  t h e  w e a t h e r ,  b u t  t h e  bay  was v i r t u a l l y  p r o h i b i t i v e  f o r  f i s h i n g  and 
r e s e a r c h  a c t i v i t y  f o r  a  week. By F e b r u a r y  2 0 ,  t r emendous  r a i n f a l l  and 
r e s u l t a n t  r u n o f f  had r e d u c e d  bay  s a l i n i t i e s  t o  l ess  t h a n  5 p p t  i n  s u r -  
f a c e  w a t e r s  ( n o r m a l l y  25-30 p p t ) ,  t o o  low f o r  spawning  t o  o c c u r .  A 
h a l o c l i n e  formed and h e r r i n g  e v e n t u a l l y  moved back  i n t o  t h e  N o r t h  Bay 
o n l y  b u t  s t a y e d  be low t h i s  i n t e r f a c e .  S a l i n i t y  g r a d u a l l y  i n c r e a s e d  and 
spawning f i n a l l y  o c c u r r e d  March 5 a l o n g  t h e  Angel  I s l a n d  s h o r e l i n e .  
From F e b r u a r y  20 t o  March 5 r o u n d h a u l  v e s s e l s  l a n d e d  575 t o n s  f rom a  
much-d i s rup t ed  s c h o o l  9 .  
More storms b a t t e r e d  t h e  bay  i n  e a r l y  and mid-March and  s a l i n i t i e s  
-. 
--- 
dropped  a g a i n .  L i t t l e ,  i f  a n y ,  h e r r i n g  a c t i v i t y  o c c u r r e d  f o r  t h e  
r e m a i n d e r  o f  t h e  mon th ,  
A c o u s t i c  Biomass  E s t i m a t e s  f o r  San  F r a n c i s c o  Bay ' 
Our t o t a l  h y d r o a c o u s t i c  b i o m a s s  e s t i m a t e  of 3 6 , 6 2 4  t o n s  ( T a b l e  4 )  
d o e s  n o t  i n c l u d e  s c h o o l  6 which  was n o t  m o n i t o r e d .  Good t r a c e s  were 
o b t a i n e d  f o r  a l l  o t h e r  s c h o o l s  e x c e p t  t h c  s m a l l ,  f i r s t  o n e .  When t h e  
, 
spadn  e scapemen t  e s t i m a t e  f r ~  s c h o o l  6 ( 4 3 8 0  t o n s ) ,  p l u s  commerc i a l  
1- 
/ 
l a n d i n g s  o f  a p c r o x i m a t e l y  1190 t o n s  ( h a l f  o f  t h e  combined c a t c h  f rom 
s c h o o l s  5 and 6 )  a r e  added  t o  t h e  above  t o t a l ,  a n  a d j u s t e d  e s t i m a t e  
r e s u l t s  of a p p r o x i m a t e l y  42 ,006  t o n s .   his compares  w i t h  a n  e s t i m a t e  
of 49,000 t o n s  f rom spawn e s c a p e m e n t  ( S p r a t t  1986)  and catch. ~ u r i n g  
the past four spawning seasons acoustic biomass estimates have differed 
by a range of 10 to 38% from spawn escapement plus catch and have shown 
the same trend of a substantial decline in 1983-84 followed by a slight 
and gradual increase the next two seasons. 
Herring Samples from San Francisco Bay 
Eighty-five samples of adult herring were collected in San 
Francisco Bay from November 15, 1985 to March 5, 1986 (Appendix A ) ;  
these contained a total of 13,260 fish. ~errinq were sampled from all 
schools except number 1. Commercial gill net samples are biased due 
to mesh selectivity and were not included in size and age composition 
data combined by school. However, aged fish from these samples were 
used as part of an age-length key and gill net selectivity curves were 
generated from length frequencies. 
Size Composition 
Variable-mesh Gill Net Samples. A total of 3045 herring was ob- 
tained from 21 samples (Appendix B )  from al.1 schools except 1. Samples 
1. 
1 
grouped by assigned school number showed the typical trend of decreas- 
ing mean BL during the early part of the season (Table 5 ) ,  but, unlike 
other seasons, from mid-December to March mean BL was relatively uni- 
form and only varied by 6 mm. Overall, mean BL was approximately 5 mm 
larger than that of last season and 10 mrn larger than that of 1983-84. 
Gill net sampling is sensitive to fluctuations in growth and year 
/--/---- 
class strength. During the past five seasons, mean BL 4f-4- 
schools has varied from 161 to 203 mm. A series of gill net length 
frequency histograms was generated for the 1.5-, l r 7 5 - ,  2r0-, 2.25-, 
2.5-, and commercial 2.125-in. mesh sizes by months (~igures 5-10). 
Wonthly mean BL varied by no more than 6.6 mm for a particular mesh 
, TABLE 5. Nunher of P a c i f i c  I leru i r lg  by Rady L e n q t h  (2-mrn T n t c r v a l . s ) ,  
Combined by A s s i g r ~ c d  School Nurr.ber f r o m  Variable-Iv:ush G i  3.1 N e t  
Sarnplos, San Francisco Bay, Novornbcr X3U5 t o  March 1 9 8 6 .  
Size 
interval A s s i g n ~ d  School Number 
(mm) 2 3 4 5 6 7 8 9 
144-145 1 
146 1 1 
148 1 1 1 
150 1 2 1 
152 2 1 9 2 
154 1 1 1 1 5 3 1 
156 1 3 6 11 5 1 1 
158 1 5 4 11 6 1 1 
160 1 1 9 8 23 5 5 3 
162 15 7 34 14 9 9 
1 7 10 11 .29 9 5 7 
4 10 18 56 10 10 9 
1 9 22 21 3 2  12 12 7 
1 12 12 20 47 11 13 9 
1 10 22 20 45 15 9 14 
1 16 15 20 25 9 7 21 
1 13 . 14 20 29 8 13 24 
16 17 12 23 11 9 20 
2 15 4 18 13 5 11 24 
5 22 19 22 28 13 17 30 
6 25 14 16 26 8 9 26 
6 25 23 24 25 5 14 34 
11 21 15 16 28 9 14 22 
8 22 16 15 30 8 8 20 
8 19 21 24 37 10 4 15 
3.1 22 19 13 21 5 9 16 
19 2 1 28 24 44 8 10 13 
198 21 14 16 16 15 5 7 3 
200 21 12 12 15 28 3 6 10 
202 22 14 10 14 17 5 4 8 
204 17 8 1 9 14 4 6 3 
20 6 30 11 6 14 15 1 4 7 
208 17 5 3 5 8 2 3 3 
210 17 4 3 10 5 3 5 
212 18 4 ' 1 2 5 2 5 1 
214 21 2 1 1 1 3 
216 11 2 2 2 2 
218 7 2 2 3 
220 9 1 2 
222 5 1 1 1 1 






N 304 365 373 436 741 221 235 371 
Mean 203.2 187.9 183.1 184.3 180.7 178.6 182.7 184.4 
Std. dev ,  11.3 12.2 14.0 1.4.8 14.9 14.8 14.4 12.1 
--- 
I 




I x =  167.3 
I 4 
I 
I v 140 150 160 170 180 190 200 
I 
I BODY LENGTH 
I 
FIGURE 5. Percent si ze f requc2ncies 12-rn inter\w.l s ) from 1.5-in. mesh 
g i l l  net samples, San Francisco Say, November 1985 t o  March 
1986. 
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g i l l  nct samples , San Francisco E3y, Noven1f~2r 1985 to  P1,zrch 
I 986. 
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FIGURE 7. Percent size frcmcncics (2-mn inten7als) frcrn %.Gin .  m s h  
gill net samples, San Francisco Bay, Xovemkr 1985 to >larch 
1986. 
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FIGLEE 10. Percent size frequencies 12-nm intervals) froln 2.125-in. msh 
comnercial g i l l  net s a q l e s ,  San Francisco Bay, December 1965 
t o  February 1986. 
s i z e ,  compared  w i t h  1 0 . 2  and 1 2 , 4  mm f o r  t h e  p r e v i o u s  two s e a s o n s .  
T h i s  is  i n d i c a t i v e  o f  t h e  more  u n i f o r m  s i z e  of h e r r i n g  t h i s  s e a s o n .  
Mean BL d a t a  f rom t h e  p a s t  f i v e  s e a s o n s  f o r  mesh s i z e s  1 . 2 5  t o  2 . 2 5  i n .  
a r e  summar ized  i n  T a b l e  6 .  The  r a n q e  o f  means  f o r  a p a r t i c u l a r  mesh 
s i z e  o v e r l a p s  s l i g h t l y  t h a t  o f  t h e  n e x t  l a r g e r  o r  s m a l l e r  m e s h ,  e x c e p t  
f o r  t h e  1 . 2 5 - i n .  mesh.  T h i s  i n d i c a t e s  t h a t  t h e  mesh a r r a y  is  s u f -  
f i c i e n t  t o  s a m p l e  a l l  s i z e s  o f  a d u l t  h e r r i n g .  
M i d w a t e r  T r a w l  S a m p l e s .  - The t rawl  y i e l d e d  2936 h e r r i n g  i n  1 5  sam- 
p f e s  ( A p p e n d i x  C) f r o m  a l l  s c h o o l s  e x c e p t  1, 2 ,  a n d  6 .  Combined s c h o o l  
mean BL a v e r a g e d  4 mm l e s s  t h a n  t h a t  f r o m  g i l l  n e t  s a m p l e s   a able 7 ) .  
E x c e p t  f o r  t h e  e a r l i e s t  s c h o o l  s a m p l e d  ( 3 ) ,  mean BL was  i n  a  f a i r l y  
n a r r o w  s i z e  r a n g e  o f  7 . 6  mm. . D u r i n g  t h e  p a s t  f i v e  s e a s o n s ,  mean RI, o f  
s a m p l e d  s c h o o l s  h a s  v a r i e d  f rom 1 5 6  t o  189  mm. T h i s  is  a m o r e  n a r r o w  
r a n g e  t h a n  t h a t  o f  t h e  g i l l  n e t ,  p a r t l y  b e c a u s e  s m a l l  s c h o o l s  o f  o l d e r ,  
l a r g e r  f i s h  e a r l y  i n  t h e  s e a s o n  a r e  d i f f i c u l t  t o  s a m p l e  w i t h  t h e  t r a w l .  
P u r s e  S e i n e  a n d  Lampara N e t  S a m p l e s .  W e  m e a s u r e d  5099 h e r r i n g  
\ 
"-from 28 s a m p l e s  ( A p p e n d i x  D ) ,  t a k e n  f r o m  J a n u a r y  8  t o  March 3 f r o m  
s c h o o l s  5 t o  9 .  The r o u n d h a u i  f i s h s r y  i s  r e l a t i v e l y  brief and  s e a s o n a l  
t r e n d s  i n  s i z e  c o m p o s i t i o n  a r e  u s u a l l y  n o t  r e v e a l e d  i n  s a m p l e s ;  mean 
BL by  s c h o o l  v a r i e d  by o n l y  5 . 5  rnm ( T a b l e  8 ) .  Mean BL a v e r a g e d  1 . 9  mrn 
g r e a t e r  t h a n  t h a t  o f  t r a w l  s a m p l e s  and  3 . 9  mm l e s s  t h a n  t h a t  o f  g i l l  
n e t  s a m p l e s .  
D u r i n g  t h e  p a s +  t i v e  s e a s o n s ,  mean BL o f  s c h o o l s  s a m p l e d  b y  r o u n d -  
/-/ 
h a u l  r* f r o m  1 6 0  t o  1 8 4  n m .  T h i s  r e l a t i v e l y  n a r r o w  r a n g e  is d u e  
N-- 6-1 r i m a r i l y  t o  r e s t r i c t i o n s  o f  t h e  f i s h i n g  s e a s o n s  t o  p e r i o d s  when 
,,-,* 
s c h o o l s  a r e  composed m a i n l y  o f . s m a l l e r  f i s h .  F l u c t u a t i o n s  i n  mean BL 
f o r  all f i s h  s a m p l e d  p e r  s e a s o n  h a v e  shown  a c y c l e  ( T a b l e  9 ) ,  p r i m a r i l y  
TABLE 6 .  Summary of Mean B o d y  Length (mm) by Mesh Size f r o m  Variable-~esh * 
G i l l  Net Samples from San Francisco Bay, 1 9 8 2  t o  1 9 8 6 .  
Mesh Size (in.) 
1/ 1.25-  1.5- 2/ 1 . 7 5  2/ 2 . 0  2 . 2 5  
Month/year N mean BL N mean RL N mean RL N mean BL N mean BL 
Nov-Dec 1 9 8 2  
11 1 9 8 3  
I* 1 9 8 4  
I t  1 9 8 5  
Weighted grand 





1/ Not used Nov-Dec 1 9 8 2 - 1 9 8 5  and Jan-Mar 1 9 8 2 - 8 3  
- 
Jan 1 9 8 2  
U 1 9 8 3  
II 1 9 8 4  
I t  1 9 8 5  
II 1 9 8 6  
3 4 5  1 9 0 . 6  
5 0 1  1 9 5 . 3  
210 1 9 4 . 9  
3 2 3  1 8 6 . 1  
277 1 9 1 . 0  
40 2 0 0 . 3  
5 1  202 .8  
0  - 
0  - 
5 1  1 9 9 . 1  
2/ Not used Jan 1 9 8 2  
- 
8 9  1 6 8 . 6  
1 7  1 7 3 . 3  
29 1 6 7 . 4  
5 5  1 6 7 . 2  
- - 
5 1 0  1 6 3 . 7  
2 9 3  1 6 0 . 7  
1 4 6  1 6 2 . 1  
1 4 8  1 6 4 . 7  
- - 
- - 
1 5  147 .4  
0  - 
0  - 
77  207 .6  
1 4 5  204 .9  
27 2 0 2 . 2  
8 2  1 9 9 . 0  
1 0 2  202 .6  
Feb-Mar 1 9 8 2  
II 1 9 8 3  
n 1 9 8 4  
n 1 9 8 5  
n 1 9 8 6  
- - 
8 1 7  1 8 0 . 7  
3 7 1  1 8 0 . 7  
419 1 7 1 . 2  
3 6 1  1 7 2 . 8  
1 9 8  1 6 5 . 1  
310  1 6 6 . 3  
4 4 8  1 5 8 . 7  
37  1 6 5 . 0  
5 8  1 6 7 . 3  
- - 
- 
4 1  1 4 0 . 4  
0 - 
0  - 
6 3 1  1 8 6 . 4  
1 5 8  1 8 9 . 6  
1 9 6  1 8 0 . 0  
3 1 1  1 7 9 . 4  
455  1 7 5 . 1  
6 9 4  1 8 0 . 8  
2 2 3  1 7 7 . 2  
69  1 6 9 . 8  
1 7 9  1 7 8 . 7  
7 3 7  2 0 0 . 1  
1 7 3  1 9 8 . 7  
3 3 2  1 9 1 . 7  
3 3 3  1 9 3 . 1  
3 5 2  1 9 2 . 2  
3 4 2  1 9 1 . 9  
4 1  1 9 3 . 9  
46 1 8 9 . 6  
1 2 6  1 9 0 . 2  
266 211 .9  
26 2 0 5 . 8  
1 3 0  2 0 3 . 5  
2 0 1  201 .4  
- 33  - 
I 
TABLE 7 .  Number 0 2  P a c i f  j c  H e r r i n g  bv Rody I,enc7tb, (2-e:m ~ q t n r v a l s ) ,  
Combined by Assigned School iQunber, trom t.:ir'lwatr r 'TI awi 
Samples, San Francisco Ray, November '1985 to March 1.986, 
Size 
interval A s s i g n e d  scl1oo1 number 
(mn) 3 4 5 7 8 9 
--- -------- --- --- 
130-139 1 3 
140-141. 1 1 
142 1 2 
144 1 1 
146 1 2 1 1 
148 2 2 1 1 
150 1 1 5 2 3 
152 3 6 9 2 5 
154 1 12 5 7 
156 3 9 15 8 16 
158 1 14 16 10 12 
160 3 16 31 7 17 
162 2 14 12 3 7 20 19 
164 1 5 12 52 16 36 
166 3 20 30 61 24 40 
168 3 16 22 49 11 29 
170 1 15 25 47 23 4 3 
172 6 23 30 67 22 56 
174 5 10 20 39 20 60 
176 10 12 23 49 20 58 
178 5 14 19 30 24 58 
180 8 14 8 38 10 56 
182 8 28 20 35 19 8 3 
184 4 12 14 28 7 46 
- 4 8 6  15 17 16 31 12 59 
188 8 16 13 16 9 4 4 
190 10 15 19 20 5 38 
192 13 20 20 26 7 30 
194 10 11 14 14 2 21 
196 7 14 13 17 2 -  19 
198 7 9 9 10 2 14 
200 8 6 3 3 8 4 17 
202 6 5 4 9 2 5 
204 5--- 4 5 7 1 6 
s- q 5 2 3 6 2 3 4 1 4 
210 2 1 3 1 4 
212 3 2 4 2 4 
214 1 1 3 1 1 3 
216 1 
218 1 
220 1 - 1
222 1 2 
N 157 321 429 794 305 930 
Mean 188.8. 181.6 178.8 175.1 174.0 179.2 
Std. dev. 11.8 , 12.9 14 .-5 12.7 1. 2 . 1. 
- 
12.6 --- 
- 34 - 
TABLE 8 .  Number o f  P a c i f i c  Herr ing by Body Length  (2- rnm I n t e r v a l s ) ,  
Combined by Ass igned  S c h o o l  Number,  f r o m  P u r s e  S e i n e  a n d  
I 
L a m p a r a  Net S a m p l e s ,  S a n  F r a n c i s c o  Ray, J a n u a r y  to M a r c h ,  1 9 8 6 .  
Size 
i n t e r v a l  Ass igned  s c h o o l  number  
( m m )  5  6  7 8  9  
130-139  1 1 3  2  9 
1 4 0 - 1 4 1  2  1 
1 4 2  1 1 
1 4 4  2  1 1 2 
1 4 6  1 1 3 1 2  
1 4 8  1 2  3  1 
1 5 0  2  1 0  3  
1 5 2  3  3 7  1 7  1 0  
1 5 4  2  1 4  9  1 2  
1 5 6  9  3  1 3  20 1 2  
1 5 8  9 11 1 6  34 1 8  
1 6 0  1 2  1 6  2 3  26  36  
1 6 2  2 1  1 4  4 3  68  7 2  
1 6 4  1 5  1 7  5 4  6 3  6 4  
1 6 6  3 1  1 7  6 8  7 0  9 0  
1 6 8  1 9  1 3  7 1  7 1  8  2 - 
1 7 0  1 7  20 64  7 4  8 5  
1 7 2  2 1  1 8  7 1  1 1 2  1 3 1  
1 7 4  . 2 3  1 3  5 9  8 2  1 0 4  
1 7 6  24 1 2  5 0  9 7  1 2 6  
1 7 8  1 8  1 5  46 8 5  1 0 4  
1 8 0  2 2  1 3  3 0  54  1 0 9  
1 8 2  2 3  1 5  4 5  9 0  1 4 0  
1 8 4  20  7  3 5  6 6  1 1 5  
1 8 6  23 6  3 0  7 3  1 2 1  
1 8 8  1 3  1 0  34  4 1  8 3  
1 9 0  1 4  1 8  2 3  3 8  7 3  
1 9 2  2 2  1 2  20 5 4  99 
1 9 4  15 7  1 5  30  53 
1 9 6  20  6  1 4  38  5 8  
1 9 8  1 7  5 1 4  29 35 
200 1 4  5 9  3 1  2 5  
202  1 6  4 1 0  1 5  2 5  
204 L O  1 5  1 8  2 3  
206 1 0  2  3  1 3  15 
20 8  2 3  2  11 8 
210 5  3  1 7 
2 1 2  2  3  7  6  
214 1 1 2 3  
216  2  4  
218 3  
220 2 
222  1 1 
224 1 
N 479 2 9 3  8 9 6  1 4 6 2  1 9 6 9  
Mean 1 8 1 . 1  1 7 6  . O  1 7 5 . 6  1 7 8  . O  1 7 9 . 9  
S t d .  d e v .  1 4 . 9  1 3 . 8  1 2 . 2  1 3 . 3  1 2 . 6  
TABLE 9 ,  Number  of Paci i- i c  F l e r r i n q  hy :;uciy L e n g t h  ( 2-1ut!i I n t e  t - v a l s )  f ran-, 
Rouncihau7. Sarnp?.cc, San Frar:cisco Hay, l y81- [32  to 1985.-86 S u a s o n s .  
S i z e  
i n t e r v a l  
(mm) 1981-82 - 1982-83 ------- 1983-54 1984-85 ----- 1985-86 
N 1459  4452 6294  3566 5099 
Mean BL 
-- 1 7 5 . 2  180 .8  A- 162 .4  1 6 9 . 3  -- 1 7 8 . 5  -- 
I . d u e  t o  p o o r  g r o w t h  c o n d i t i o n s  d u r i n g  t h e  E l  ~ i r o  e v e n t  of 1982-84 .  
I 
I S i z e  c o m p o s i t i o n  f o r  t h e  1985-86 s e a s o n  is v e r y  s im i l a r  t o  t h a t  o f  
I 1982-83.  F o r  e x a m p l e ,  i n  b o t h  s e a s o n s  6 . 6 %  o f  a l l  f i s h  m e a s u r e d  were 
1 >200 mm,  compared  w i t h  0 . 9  t o  2.9% i n  o t h e r  s e a s o n s .  
- 
I 
I Commerc ia l  G i l l  N e t  S a m p l e s .  Mesh s i z e  r e m a i n e d  a t  2 . 1 2 5  i n .  
I t h r o u g h o u t  t h e  f i s h i n g  s e a s o n  f o r  t h e  s e c o n d  y e a r  i n  a row. We 
I 
I o b t a i n e d  2 1  s a m p l e s  c o n t a i n i n g  2180 f i s h  f r o m  s c h o o l s  3  t o  8  (Appen- 
I 
I d i x  E ) ;  mean BL b y  s c h o o l  was f a i r l y  c o n s t a n t ,  v a r y i n g  b y  o n l y  5 .5  mm 
I ( T a b l e  1 0 ) .  L a s t  s e a s o n ,  mean BL b y  s c h o o l  v a r i e d  f r o m  1 8 7 . 0  t o  
I 
I 1 9 9 . 7  m m ,  a t t e s t i n g  t o  t h e  more  u n i f o r m  s i z e  c o m p o s i t i o n  o f  t h i s  s e a -  
l 
I s o n ' s  h e r r i n g .  
1 Sex R a t i o s  
I I n  g e n e r a l ,  f e m a l e  h e r - r i n g  become r e l a t i v e l y  more a b u n d a n t  a s  t h e  
I 
s p a w n i n g  s e a s o n  p r o g r e s s e s  i n  San  F r a n c i s c o  Bay.  T h i s  was  a g a i n  
I 
1 a p p a r e n t  f o r  1985-86 £;om v a r i a b l e - m e s h  a n d  c o m m e r c i a l  g i l l  n e t  s a m p l e s  
f r o m  December t o  F e b r u a r y  a n d  f r o m  m i d w a t e r  t r a w l  s a m p l e s  f r o m  November 
' \ \ 
t o  J a n u a r y  ( T a b l e  11). R o u n d h a u l  s a m p l e s  w e r e  f a i r l y  c o n s t a n t  i n  p e r -  
c e n t  c o m p o s i t i o n  o f  f e m a l e s ,  w h i l e  t r a w l  a n d  v a r i a b l e - m e s h  g i l l  n e t  
s a m p l e s  showed a d e c l i n e  i n  March f o r  unknown r e a s o n s .  Spawning  popu- 
l a t i o n s  u s u a l l y  c o n t a i n  l e s s  t h a n  50% f e m a l e s  i n  November a n d  December 
a n d  more  t h a n  50% f e m a l e s  f r o m  J a n u a r y  t o  March.  
P r e v i o u s  d a t a  ( R e i l l y  a n d  Moore 1 9 8 5 ,  1 9 8 4 ,  1 9 8 3 ,  1 9 8 2 )  i n d i c a t e d  I 
l 
a t r e n d  o f  i n c r e a s i n g  p e r c e n t a g e  o f  f e m a l e  h e r r i n g  w i t h  i n c r e a s i n g  mesh I 
I 
s i z e  i n  v a r i a b l e - m e s h  g i l l  n e t  s a m p l e s .  D a t a  f r o m  t h i s  s e a s o n  i s  con-  
I 
s i s t e n t  w i t h  t h e  p a s t ;  p e r c e n t a g e s  o f  f e m a l e s  f r o m  1 . 5 - ,  1 .75- ,  2 .0 - ,  I 
I 
2.25-,  a n d  2 . 5 - i n .  mesh s i z e s  were 3 0 ,  3 7 ,  4 9 ,  6 3 ,  a n d  8 0 ,  r e s p e c t i v e l y .  I 
T h i s  is m o s t  l i k e l y  d u e  t o  s e v e r a l  f a c t o r s :  1) n o t  a l l  f e m a l e s  a r e  
TABLE 10. Number of Pacific I-lerrinrl by Body I,sr-iyi.h (2-m:n I n t e r v a l s )  
Combined by Assigned School N~rnGer, from Commercial Gi 11 
Net S a m p l e s ,  S a n  Francisco say, D2cernber 1985 t.o February 1 9 8 6 .  
S i z e  A s s i g n e d  school n u m b e r  a n d  m o n t h  
i n t e r v a l  3  4  5 6  7  8  
(mm) D e  c De c Jan ---- Jan  J a n  - Feh -- 
168-169 1 
1 7 0  1 1 1 
1 7 2  2  1 
1 7 4  1 5  1 I 2  
1 7 6  4  1 2  2  6 5  
1 7 8  4  1 2  2  8 5 
1 8 0  1 2  1 5  1 8 -  1 8  7  
1 8 2  11 2 5  1 7 21 . 22 
1 8 4  2 5  36  4  1 6  2 2  1 6  
1 8 6  39 5 4  4 2 1  4 3  2 1- 
1 8 8  30 6 1  3  1 8  46  1 9  
1 9 0  3 3  55 1 2  27 36  2 1  
1 9 2  46  70 7  26 4 1  2 3  
1 9 4  44 6 8  1 4  22  36  1 5  
1 9 6  54  59 1 2  2 1  51. 1 8  
1 9 8  32  4 0  1 2  1 0  30 1 2  
200 36 4 3  1 3  8  35 1 3  
202 1 4  48  8 6 29 11 
204 11 -2 9  5 1 2 1  6 
206 1 4  1 6  L 4 1 5  1 2  
208 1 5  1 3  4 2 6  4  
-41 0 1 0  1 2  2  2 5 2  
2  1 2  2  3 6 2  
214 4 4  4 2  
216 3  4 1 3  1 
218 5 3  





N 453  659  1 0 9  206 482  2 4 1  
Me a n  1 9 4 . 6  1 9 3 . 7  19'1.3 1 9 1 . 8  1 9 3 . 5  1 9 2 . 2  
S t d .  d e v .  8 . 6  - tr. : 7 . 7  7 . 3  8.0 9 . 0  
- 
- 
TABLE 11 . P e e c e n t n g e  Sex Conipcs i t ion  of: I;),:Ac~ E :!.c i !b : r r r j . , l c ;  ';:;!qpli-.s 
by Gear Tjrpe from Saa i?rnnci.sco Rav, L\I~.~i'i.:i>er 1 9 i i 5  t o  
March 1 9 8 6 .  
V a r i d b l c - m e s h  
g i l l  n c t  
percent .  p.2 r: c: (3 ; 1 !: 
M o  11 t h M male fcrnaici; 
-- -- --- -. ----. -- -- -- -. - - - - . . - . - - . - - . - . . ---. - 
N m;:Ic [c?:~;ile 
November 354 50 S O  1 5 7  55  4 5 
December 8 4 0  5 3  7 5 0  5 4  4 6 
J a n u a r y  1 2 6 5  52 4 8  1 1 0 4 3  4 C  5 2 
F e b r u a r y  2 7 2  4 4  56 7 4 6  5 0  53 
Roundhaul  
pe rcen t  r, C? r c- e n t. 
Month N male fcrnal:? N r ~ . ; ~ l c  f.ch..nnI.e 
---- 
December - - - 1 1 1 1 2  SO 513 
-. 
J a n u a r y  2075  49  55 
F e b r u a r y  2 6 6 7  49  2 4 1  3 5  6 5 
mature as 2-yr olds and thus a higher proportion of males will occur in 
the smaller meshes which select for younger fish (Reilly and Moore 
1985); 2) the selective mortality of males due to fishing results in a 
higher proportion of females surviving as older, larger fish (Reilly 
and Moore 1985). 
During the past five seasons we have compared percentage of fe- 
males in samples from 2.125- and 2.25-in. mesh within the same month 
and year. In all cases, 2.25-in. mesh yielded a higher percentage of 
females than 2.125-in. mesh. Difference in percentage averaged 8% in 
December and 18% for January and February (Table 12). Using 2.25-in. 
mesh in the commercial fishery rather than 2.125-in. mesh presently 
used would reduce mortality to male herring and increase roe content of 
landings. F 
Weight and Length 
Weights hnd lengths for 1238 herring collected from November 1985 
to March 1986 were used to generate the following equations using nat- 
1 .
urai logarithm transformations : 
For unripe males: 
In W = -13.43 + 3.45 In L r = .98, N = 38 
- w r  unrlpe females: 
In W = -12.56 + 3.28 In L - r = .98, N = 209 
For ripe males: 
In W = -12.68 + 3.31 In L r = .99, N = 477 
For ripe females: 
In W = -12.57 a 3.29 In L r = .99, N = 514 
For all ripe herring: 
TABLE 1 2 .  Percentaqe of Fc?:nale Herr ;-:lg i r ,  ? .  1 I ' S -  a?<? ? ?. 2 5 - i n .  
Sill Net Sarnplcs f r o m  S a n  Viani:j.sc,; I:&;, 1 9 3 2  i9 3 9 8 6 .  
Nesh sire 
Flonth 2 ,125  2 . 2 2 5  2 . 2 5  
and y e a r  
--- 
I Corn..\~! r c i a i. ) ( DFG .-- ---.---.---.-- ( Dl?(; 1 ----- 
J a n  8 2  64 8 0  
J a n  54 - 6 2 85 
Jan 85  - 5 3  7 7  
Feb 8 6  - 6 5  75  
P r e d i c t e d  w e i g h t s  a t  l e n g t h  f o r  r i p e  males a n d  f e m a l e s ,  and  a l l  r i p e  
f i s h ,  a r e  p r e s e n t e d  i n  ~ p p e n d i x  F .  L a s t  s e a s o n ,  t h e  c a l c u l a t e d  
w e i g h t / l e n g t h  e q u a t i o n  f o r  1696  h e r r i n g  was:  
I n  W = -12 .13  + 3 . 2 1  I n  L r = .98 
P r e d i c t e d  w e i g h t s  f o r  1985-86 d i f f e r  f r o m  t h o s e  o f  1984-85 ( A p p e n d i x  F )  
by a r a n g e  o f  0.0 t o  3 .4% f o r  1 5 0  t o  230 m n  BL h e r r i n g  a n d  c o n t i n u e  t o  
i n d i c a t e  h e a l t h y  s t o c k s .  P r e d i c t e d  w e i g h t s  f o r  t h e  1983-84 s e a s o n ,  
a f f e c t e d  b y  E l  ~ i n z ,  a n d  f r o m  e a r l i e r  d a t a  f r o m  S p r a t t  ( 1 9 8 1 )  a l s o  a r e  
p r e s e n t e d  f o r  c o m p a r i s o n  i n  Append ix  F .  
R o e  Weight  v s .  L e n g t h  a n d  W e i g h t  
O v a r i e s  were e x t r a c t e d  f r o m  1 2 1  m a t u r e  f e m a l e s  a n d  w e i g h e d .  Mean 
BL, w e i g h t ,  a n d  r o e  w e i g h t  were 1 9 0 . 7  mm, 1 1 7 . 5  g ,  a n d  31.7 g ,  r e s p e c -  
t i v e l y ,  c o r r e s p o n d i n g  t o  a n  a v e r a g e  roe c o n t e n t  (known a s  roe c o u n t )  o f  
27.0%. C a l c u l a t e d  p e r c e n t a g e  roe r e c o v e r y  r a n g e d  f r o m  23 .8  f o r  a 
160 mrn f e m a l e  t o  28 .2  f o r  a 210 mm f e m a l e .  Of c o u r s e ,  c a l c u l a t e d  roe 
. ----c o u n t  i n  a  s a m p l e  c o n t a i n i n g  50% f e m a l e s  by  w e i g h t  would  b e  o n e  h a l f  o f  
e a c h  a b o v e  v a l u e ,  or  f r o m  1 1 . 9  t o  1 4 . 1 %  f o r  a  s i m i l a r  r a n g e  o f  mean RL. 
T h e s e  m u s t  be c o n s i d e r e d  maximum r a t h e r  t h a n  a v e r a g e  roe r e c o v e r y  r a t e s  
__ -m-c f i s h e r y  some r o e  o f t e n  i s  l o s t  f r o m  s t r e s s e d  f i s h  b e f o r e  
roe c o u n t s  a r e  d e t e r m i n e d  a t  t h e . d o c k .  Only  f e m a l e s  w i t h  f u l . 1  o v a r i e s  
w e r e  u s e d  i n  t h e  a b o v e  a n a l y s i s .  
The r e g r e s s i o n  o f  l o g - t r a n s f o r m e d  r o e  w e i g h t  a n d  BL i s  a s  f o l l o w s :  
I n  ( roe  w e i g h t )  = -17.20 + 3 . 9 2  BL . r = . 9 3  
D a t a  f r o m  8 4  f e m a l e s  s a m p l e d  i n  1976  (Walt D a h l s t r o m ,  D e p t .  F i s h  a n d  
G a m e ,  p e r s .  commun.) were a l s o  a n a l y z e d ,  Mean BL, w e i g h t ,  a n d  r o e  
w e i g h t  were 1 9 5 . 7  mm, 127 .6  g ,  a n d  31 .2  9 ,  r e s p e c t i v e l y ,  c o r r e s p o n d i n g  
t o  a n  a v e r a g e  r o e  c o n t e n t  o f  24 .4%.  The d i f f e r e n c e  is  m o s t  l i k e l y  d u e  
t o  t h e  i n c l u s i c ~ n  o f  sane f i s h  i n  t h o  1 9 7 6  d;,:,:~ *i;hii:li had ior;f_ roe d u e  
t o  stress, a n d  may r e p r e s e n t  a more  r e a l i s t j c  v a l u e  f o r  a random s a m p l e  
of f e m a l e s  f rom t h e  f i s h e r y .  
W e  h a v e  d e v e l o p e d  e x p e c t e d  roe c o u n t s  has<>d o n  mean BL o f  female 
h e r r i n g  a n d  p e r c e n t  c o m p o s i t i o n  by nunbe r  oC Ec~na1.z~ i n  a s a m p l e  
( R e i l l y  a n d  Moore,  u n p u b l i s h e d  d a t a )  . G a l c u  l a t e 4  r:laxi~nurn roe c o u n t  i n  
a random sample o f  m a l e s  and fernales wculr? j-rlercasr by more t h a n  5% i f  
2.25-in. mesh was u s e d  i n s t e a d  o f  2 . 1 2 5 - i n .  mesh f o r  a p a r t i c u l a r  
s c h o o l  o f  h e r r i n g .  
L e n g t h  a t  A g e  
Mean 13L a t  a g e  was f a i r l y  s i r n i l a r  t o  t h a t  o f  t h e  p r e v i o u s  s e a s o n  
e x c e p t  f o r  a y e s  3 and  4 ( T a b l e  1 3 ) .  The 1 9 3 2  y r  c l a s s  h a s  shown a n  
a b o v e  a v e r a g e  g r o w t h  r a t e  f o r  t h e  p a s t  two s e a s o n s  f o l l o w i n g  p o o r  con-  
d i t i o n s  a s s o c i a t e d  w i t h  E l  ~ i n o ,  Mean BL a s  3- a n d  4-yr o l d s  f o r  t h i s  
year  c l a s s  i s  h i g h e r  t h a n  t h a t  o f  a n y  y e a r  c l2ss  w e  have  s e e n  i n  t h e  
'.past 5 y r .  Mean BL a t  a g e  3 f o r  t.he 1 9 8 3  y r  c l a s s  is c l o s e r  t o  t h e  
h i s t o r i c  m e a n .  Wn h a v e  f o u n d  t h a t  o t o l i t h  z o n + s  formed d u r i n q  good 
g r o w t h  y e a r s  a r e  e a s i e r  t o  i n t e r p r e t ;  t h i s  is  p a r t i c u l a r l y  e v i d e n t  f o r  
t h e  1 9 8 2  y r  c l a s s .  
W e i g h t  a t  Age 
Mean w e i g h t  a t  a g e  d a t a  d u r i n g  t h z  p a s t  two s e a s o n s  i n d i c a t e  
h e a l t h y  s t o c k s ,  p a r t i c u l a r l y  f o r  t h e  1 9 8 2  y r  c l a s s  ( a g e  4 i n  t h e  
1985-86 s e a s o n )  ( T a b l e  1 3 ) .  W e i g h t  a t  a g e  i m p r o v e d  f o r  t h e  o l d e r  y e a r  
c l a s s e s  compared  w i t h  l a s t  y e a r ,  i n d i c a t i n g  a c o n t i n u e d  r e c o v e r y  f rom 
E l  ~ i r o  c o n d i t i o n s .  Mean w e i g h t s  for  a l l  a g e s  e x c e p t  8 - y r  o l d s  w e r e  
h i g h e r  t h a n  h i s t o r i c  v a l u e s .  
TABLE 13. Age, Length, and Weight Relationships for 
San Francisco Bay Herring. 
Age Historic 1985-86 1984-85 
1/ (yr) mean BL (mm)- mean RL 2/ mean BL- 
A9 e Historic 1985-86 1984-85 2/ 1/ (yr) mean wt (gm)- mean wt ( g )  mean - wt ( g ) -  
1/ Data from regressions in Spratt (1981). 
- 
2/ Data from Reilly and Moore (1985). 
. 1- 
Age C o v p o s i t i o n  
P a i r s  of ot -01- i ths  wer? aqed fur Idsc? k i t y - r  icy : -TOK~ v a r i a l 3 l c - m e s h  
g i l l  n e t ,  rriidwater trawl.,  arrd ro~incihau 1 saiy~p! -5. ( Tci i~ l  e 1 4  ) ; z g c s  r a n g e d  
from 1 t o  9 y r  . An a d d i  t i t ? n a l  2 3 1  1 ~ l r ( ] z  1,tr::t i r1.j T , i T r c \  s?lect- 23 f o r  a g l n g  
( ~ p p e n d i x  G )  f o r  u s e  i n  c o r ~ s t r c s t i o n  of a n  a::c--1-t:ngtt\ k e y .  
V a r i a b l e - m e s h  G i l l  I d e t  S a m p l e s .  O n l y  sc:2?ool_ 2 (m-id-Movelrtber spawn)  
- --- --- 
c o n t a i n e d  a h i g h  p e r c e n t a g e  of o l d e r  f i s h  ( T a b l e  1 5 ) .  ~ c l r i n g  tile pre- 
v i o u s  t h r e e  s e a s o n s ,  5-yr  o l d s  h a v e  a v e r n g c d  308 S y  r~i.r?nber of s c h o o l s  
s p a w n i n g  i n  Iilovenber a n d  Dccentber,  a n d  have c o r r t r i b u t e d  a s  m u c h  as 4 9 %  
by number f o r  a p a r t i c u l a r  spawn ( R e i l l y  a n d  i,loorc 1 9 8 4 ) .  T ~ E  weakness 
of t h e  1 9 8 1  y r  c l a s s  is  e v i d e n t  b y  t h e  l q w  p e r c e n t - a g e  o f  5 -yr  o l d s  t h i s  
s e a s o n .  E i g h t -  and  9 -yr - -o ld  h e r r i n g  g e n e r a 1 l . y  compose  less t h a n  5% by 
number o f  a n y  o n e  s p a w n ,  t h e  e x c e p t i o n  hzin(; t h e  f i r s t  s m a l l  s i>awns i n  
e a r l y  t o  mid-November.  The b u l k  of t31c spa:jI-ljng s c h o o l s  t h i s  s e a s o n  
c o n s i s t e d  of 2-,  3 - ,  a n d  4 - y r  o l d s  ( 1 9 8 4 ,  1 9 8 3 ,  1 9 8 2  y r  c l a s s e s ) .  The 
s t r e n g t - h  o f  t h e s e  year c l a s ses ,  p a r t i c u l . a r l y  t h e  3- and  4 -yr  o l d s ,  is  
s u c h  t h a t  t h e  normal t r e n d  of d e c l i n i n g  mear~ age p e r  s c h o o ,  was o n l y  
e v i d e n t  d l l r i n g  N o 7 ~ e m b 2 r  a n d  early Dacc:r:ber, 
R o u n d h a u l  a n d  Midwate r  T r a w l  S a m p l e s .  Age c l a s s  c o m p o s i t i o n  d a t a  
were f a i r l y  s i m i l a r  t o  t h a t  o f  g i l l  n e t  sr,r?y:e..; :Tc?h?e  1 5 ) .  The re  i s  
some b i a s  t o w a r d s  o l d e r  f i s h  i n  t h e  g i l l  n e t  s a m p l e s ;  to t .31  percentage 
of h e r r i n g  a g e s  5 t o  9 yr r a n g e d  froin 1 t c j  6 2  h i q h e r  i.n y i l l  net s a m -  
ples t h a n  from r o u n d h a u l / t r a w l  s a m p l e s  f r l ~ n !  t-he s a m e  school .  P e r c e n t a g e  
of 2-yr  o l d s  r a n g e d  f r o m  1 t o  16% lower i n  g i l l  n e t  s a m p l e s .  
T o t a l  Age c o m p o s i t i o n  f o r  Spawning --- --- S p a s o n .  The  1382,  1 9 5 3 r  a n d  
1984 y r  c lasses  c o n t r i b u t e d  a b o u t  30?, by n u n S e r  a n d  8 5 5  h y  w e i g h t  t o  
t h e  1 9 8 5 - 8 6  s p a w n i n g  b i o v ~ ? a s s  i n  Sat? F r a n c i s c a  D a y  (T;,51c 1 6 ) .  The  two  
, . 
-- 45 - 
aTAE3I-Q 1 4 .  Number of P a c i f i c  H e r r i n g  at Aqo h y  i i r ~ d y  L e n g t h  (2-mm) 
I n t e r v a l s  frc;n A l l  S a n  Francisco Bay Sanplcs ( E x c l u d i n g  
C o m m e r c i a l  G i l l  N e t ) ,  NovemSer 1 9 1 5  to March 1 9 8 6 .  
S i z e  
i n t e r v a l  Age ( y e a r s )  
(mm) 
- 
1 2 3  4  5 6  7 8  9  
< 1 3 0  4  
130-139 9  7  
140-141  1 3  
1 4 2  3  
1 4 4  3  
1 4 6  8  
1 4 8  1 0  
1 5 0  1 0  
1 5 2  22  3  
1 5 4  24 3  
1 5 6  3  9  2  
1 5 8  4 3  4  
1 6 0  1 7  6  
1 6 2  39 4  
1 6 4  4 4  1 3  
1 6 6  4 1  9  1 
1 6 8  47 1 9  1 
1 7 0  2 3  1 7  
1 7 2  34 2 5  2  
1 7 4  7  2 1  3  
1 7 6  11 36 5 1 
1 7 8  7  24  6  
1 8 0  26  1 2  1 
1 8 2  29 1 8  3  
1 8 4  1 2 3  2 3  4  
- 1 8  6  20 3 1  4  
1 8 8  1 8  23  3  
1 9 0  7  3 1  7  2  
1 9 2  1 4  3 3  8  1 
1 9 4  9 24 4  1 
1 9 6  6 34 7  6  
1 9 8  1 2 1  6  6 
200 4 3 2  1 0  8  2  1 
202 2  1 8  7  8  1 3  
204 1 6  5 11 4  
206 7  4  1 3  7 2  
208 7 1 7  G 
210 I1 7  1 4  9 2  
212 11 4  1 4  1 6  2 
214 5 1 2  1 0  3  
216 1 2  5 4  1 
218 1 1 3 1 
220 1 2  8  5 
222 2  6  3  2  
224 1 1 1 





N 1 4  4 4 3  3 4 5  377  9 3  1 0 2  89  24 2  
Mean 1 3 0 . 7  1 6 1 . 6  1 7 7 . 9  1 9 3 . 5  1 9 8 . 6  2 0 6  . I  2 1 1 . 1  2 1 7 . 0  222.0  
S t d .  d e v .  8 . 8  8 . 6  9 . 8  9 . 4  1 0 . 3  6 .7  6 . 4  7 . 4  
--be- -- 
0 .0  
. , TABLE 15. Percentage (b.i;l :d'~r?'r,c31:) ,\qe C~: , : : r ! , s s :~~ .o r ! ,  p a c i , f i c  fi@rring 
; q .  SaTYll>lo~, Co~nbi . r~c~ ; ' .  !>;7 r1e.j I-',::!?*-:':,?. ;:l.lyri!,3r, ;>3..r;ed on ~ t o l , i t ; h  
Aging  and Su'>:scqi!e~r;; Age hss~.,lnm!:r~t::; i:,,,; Lel;qt.h, from 
Sarl Francisco iAay, ~ \ ~ \ 3 0 ~ ~ j ; k ! l ~ r  1 3 8 5  i l , 2 ? - , . l  ., LI 1.9 ?l 6 s 
p a r t  1. £ r u n  variable--:nesh gi1.l. rlc:f. s a ~ , u i c s  
Schaol Age ( yt?acr;) Number Nurnber 
number 2 --- 3 - 4 5 6 7 0 U 9 agec-l assigned 
- -- - - -- - --- - - -- -- -- - 
p a r t  2 .  f r o m  r o u n d h a u l  and nt idwate r  trawl c a y ~ y i c s  
School A g e  { y e s r s )  Nunber  N u m b e r  
n u n b e r  
- --- 
1 2 3 4 5 6 7 U aged  a s s i g n e d  
----- -- -  - -- - - ----- ---- - 
T* = Trace, less than 0 . 5 %  - 
- - - 
TABLE 1 6 .  Total  Percentage Age C o ~ ~ p o s i t i o n  for  1983-84 T h r o u g h  
1985-86 Spawning Seasons i n  San Francisco n a y .  
pa r t  1. based on spawn-escapement-plus-catch biomass e s t i m a t e s .  
Percent by number 
Age ( y e a r s )  
Season 2 3 4 5 6  7 8 
Percent by Weight 
Age ( y e a r s )  
Season 2 3 4 5 6 7 - 8 
p a r t  2 .  based on hydroacoustic biomass e s t i m a t e s .  
. 
Percent by Number 
Age ( y e a r s )  
Season 2 3 4 5 6 7 8 
Percent by Weight 
Age ( y e a r s )  
Season 2 3 4 5 6 7 8 
s t r o n g e s t  y e a r  c l a s s e s ,  3-- a n d  4-yr o l d s ,  cc?.r;;oC. eore t h a n  60% of t h e  
b i o m a s s .  The 1952  y r  ::la.;:; h a s  b e e n  part ic111 - 1 i : ; l  s t - r o n g  d u r i n g  t h e  p a s t  
t h r e e  s e a s o n s ,  w h i l e  t h e  1 3 8 1  y r  c l a s s  I s  wzak. Sdn F r a ~ ~ c i s c o  B a y ' s  
s p a w n i n g  s t o z k s  c o n t j n u e  !-.o be corng~sec i  i)ri1liariiy 3 f  f i ~ ?  o r s i x  y e a r  
classes each s e a s o n ;  8 -  arid 9 - y r  o L d s  genc i  a l l  y contribute less t h a n  I %  
by w e i g h t  t o  t h e  t o t a l  spawi l ing  b i o ~ n n s s .  
Random v s .  S t r a t i f i e d  Sarnpl i ng f o r  Age Cornposit i a n  
D i  s t r i b u t i o n  o f  a g e s  f r-om t h e  s t r - a t i f  i k , '  re~r!t-!orn c i c ; r n ~ ) l e ,  af t e r  a g e s  
w e r e  a s s i g n e d  t o  t h e  r c m a i n f n g  f i s h  measarecl  ;\ut n o t  a g e d ,  was  n e a r l y  
i d e n t i c a l  t o  t h a t  of t h e  r~lndorn  sample. A Chi s q u a r e  t e s t  f o r  s i g n i f  i -  
cance o f  age  d i s t r i b u t i o n  d l f f e r e r l c e s ,  a f t e r  c : c x b i n i n g  number  o f  5- t o  
7 -y r -o ld  f i s h  t o  f o r m  one c e l l ,  gave a v a l u e  of 1 . 7  ( d . f .  = 3 ,  p > 0 . 5 ) .  
S i n c e  either method  o f  s a m p l i n g  i s  a p p r o p r i a l ~ ?  to  cs t imate  age cornposi-  
t i o n ,  we w i l l  c o n t i n u e  t o  gse s t r a t i f i e d  rancin~n s a m p l i n g ,  a l l c w i n g  u s  
to a g e  more  o l d e r  f i s h  a n d  t o  t a k e  l a r g e r  samples f o r  l e n g t h  cornposi-  
t i o n  w i t h o u t  t h e  t i m e - c o n s u m i n g  p r o c e s s  o f  a g i n g  a l l  f i s h  i n  a sample . .  
Z 
--- 
~ e c u n d i t ~  
F e c u n d i t y  est imates were cornpletcd f s r  3 6  u n r i p e  l ~ e r z i n g  c o l l e c t e d  
f r o m  November 1 9 8 5  t o  March 1 9 8 6  i n  S a n  F r a n c i s c o  Bay. Body l e n g t h s  o f  
sampled h e r r i n g  r a n g e d  f r o m  1 4 8  t o  2 2 6  mm, and f e c u n d i t y  e s t i m a t e s  
r a n g e d  f r o m  7954 t o  4 1 , 0 5 0  ( F i g u r e  11, A g p ~ n d i x  H )  , a l t h o u q h  t h e  maxi-- 
mum BL a n d  f e c u n d i t y  were n o t  f r o m  t h e  sait~e f i .sh.  M e a n  B L ,  w e i g h t ,  a n d  
number o f  e g g s  f o r  a l l  f i s h  s a m p l e d  w e r e  1 2 5 . 3  mm, 1 0 4 . 4  g ,  a n d  24 ,456 ,  
r e s p e c t i v e l y .  The mean of 9 6  r a t i o s  o f  t o t a l  e g g S / L c t ? l  body w e i g h t  
w a s  2 3 2 . 5  w i t h  95% c o n f i d e n c e  limits of 4 .5  e g g s .  A c o r r e c t i o i l  fat- 
of - 2 . 7 % ,  b a s e d  o n  t h e  d i f f e l - e n c e  b e t w e e n  p r e d i c t e d  w e i g h t s  f o r  r i p e  
and u n r i p e  f e m a l e s  of t h e  sane l e n g t h ,  a , l j u s t s  t h e  m e a n  r a t i o  t o  2 2 6 . 4  
esI!Js/g 

For 1984-85 d a t a ,  a corrocti~n f a c t o r  cL -2,29 : ? d j u s t s  i:hc Incan 
r a t i o  r e p o r t . &  i n  R e j l l y  and Moore 119853 i rom 2 2 7 . 1  t c ~  2 2 2 . 2  e g g s / g .  
/2. F o r  1'383-34 d a t a ,  c o l l ~ z t - . c d  c31-1rlng S1 Ninr ,  condi t i  or;:;, (zrci!ic:ted weight :  
for r i p e  f e m a l e s  was n o t  g r e a t e r  Lban t11aY itrlr : ; ? r i p e  f e m a l e s ,  a n d  n o  
c o r r e c t i o n  f a c t o r  was a p p l i e d  t o  t h e  m e a n  ~ - a t i o  f 2 2 0 . 9  e q g s / g .  S t u -  
dent's t t e s t s  01-1 e a c h  p a i r  o f  lrecrin r a t i o s  FI.O,~ t h e  t h r c e  scasorls were 
n o t  s i g n i f i c a n t  a t  a l p h ; i  .= 0 . 0 5 .  The \ v ~ j i ~ i ! i ~ d  -(t:?nn r a t i o  frorn 343  
fecundity e s t i m a t e s  f r o m  1383 t o  1 9 8 6  is 2 2 2 . 8  t?ggs/g; t h i s  w i l l  b e  
u sed  f o r  f u t u r c  c o n v e r s i o n s  tc. spa;:n zsct lpc.~:- .~i t .  
The r e g r e s s i o n s  o f  nuinbcr oE e g g s  o n  . & t ? i . < ) h t  f o r  t.he p a s t  t h r e e  
s e a s o n s  a r e  as  f o l l o w s :  
1985 -86 :  number c g q s  = -940.9 + 2 4 3 . 3  w;i.ght ( g )  r = .97 
1984-85:  number eggs = - g 9 @ . 6  + 2 3 7 . 3  \ ? c i 2 h t  r = . 9 6  
1983-84:  number e g g s  = - 1 3 3 5 . 5  + 249.l u e i 2 h t  r = . 37  
>These are  based  ori w e i g h t s  f o r  u n r i p e  h e r r i n c ;  ;i:?d tile p r z v i o u s  c o r r e c - -  
---,-tion f a c t o r s  have  n o t  her-n a p p l i e d .  An o v e r 2 1 1  test among r e g r c ? s s i o n  
l i n e s  y i e l d e d  no s i g n i f i c a n t  d i f f e r c n c c  a t  t h e  a l p h a  - 0.05  l e v e l  of 
s i g n i f i c a n c e  ( F  = 1 . 7 1 ,  d . f .  = 3 4 1 ,  p  = 0 . 1 6 ) .  
Spawning  a n d  Environment-a l  F a c t o r s  
T e m p e r a t u r e  and S a l i n i t y  
T e m p e r a t u r e  b e t w e e n  t h e  s u r f a c e  a n d  20  m i n  S a n  F r a n c i s c o  Bay for 
Wvernber  t h r o u g h  Elarch r a n g e d  f rom 9 . 4  t o  1 4 . 4 ° i :  a t  D e n i n s u l a  Pt. and 
0 f rom 9 . 1  t o  1 4 . 9  C a t  P i e r  24 ( F i g u r e  1 .2 ,  ApperhcklJ-cs J and 1:). Temper-  
a t u r e  d e c r e a s e d  t h r o u g h  November and  December w i t h  t h e  low o c c u r r i n g  o n  




e 2 r l y  J a n u a r y  a n d  g r a d u a l l y  i r l c r c a s e d  drlr j .n(y t h e  r r>s t -  of the s u r v e y  
f) p e r i o d .  S u r f a c e  and  20-rn t e n p o r a t u r e s  were wj t-.bin 1 . 0  C o n  s u r v e y  
d a t e s  when p r o f i l e s  were o t - ~ t a i n c i l  at b9Y.h !i?c:ltio:~r-, C J ~  t h e  same d a y .  

S a l i n i t y  a t  P e n i r ~ s u l a  P t .  d u r i n g  t h e  su rv- :y  p t ? r i o d  r a n g e d  f r o m  1 . 2  
t o  3 3 . 6  p p t  a t  t h e  s u r f a c e  a n d  frorn 1 3 . 7  t o  3 3 . 7  p p t  a t  29 m .  D u r i n g  
t h e  same p e r i o d  s a l i n i t y  a t  P i e r  24 r a n g e d  f r o m  3 . 9  t o  3 4 . 0  p p t  a t  t h e  
s u r f a c e  a n d  f rom 1 3 . 2  t o  3 4 . 0  p p t  a t  20 m ( F i y a r c  1 2 ,  ~ p p e n d i c e s  L a n d  
M ) ,  S a l i n i t y  r e m a i n e d  h i g h  u n t i l  mid F e b r u a r y  wkien h e a v y  r a i n s  r a p i d l y  
d e p r e s s e d  s a l i n i t y  t o  t h e  s e a s o n  l o w  a t  b o t h  l o c z t i o n s .  S a l i n i t i e s  
r e a a i n e d  d e p r e s s e d  t h r o u g h o u t  t h e  res t  o f  t h e  s ( 2 a s o n  f rom h i g h  D e l t a  
o u t f l o w s  a n d  l o c a l  r a i n f a l l .  D u r i n g  t h e  perio:3 o f  t i m e  when t h e  m a j o r -  
i t y  o f  s p a w n i n g  t o o k  p l a c e  (December  1 7 ,  1 9 0 5  - F e b r u a r y  7 ,  1 9 8 6 )  
s a l i n i t i e s  were w i t h i n  2  p p t  when p r o f i l e s  were obta i r lec l  a t  b o t h  l o c a -  
t i o n s  o n  t h e  same d a y .  
T i d e s ,  B a r o m e t r i c  P r e s s u r e  a n d  R a i n f a l l  
From O c t o b e r  1 9 3 5 ,  t o  March 1 9 8 6 ,  t h e r e  q ; t r ~ ?  1 0  t i d a l  c y c l e s  i n  
w h i c h  t h e  h i g h e s t  t i d e  d u r i n g  a  24-hr  p e r i o d  o c c u r r e d  a t  n i g h t  ( s u n s e t  
to  s u n r i s e )  ( F i g u r e  1 2 ) .  Spawning o c c u r r e d  d ~ 1 r i i ~ g  s i x  o f  t h e s e  c y c l e s  
--,-within t h e  s e a s o n .  Two a d d i t i o n a l  s p a w n s  were a s s o c i a t e d  w i t h  h i g h  
t i d e s  i n  t h e  l a t e  a f t e r n o o n .  High t i d e s  c o n t i n u e  t o  be a  major i n f l u -  
ence o n  t h e  t i m i n g  o f  s p a w n s  w i t h  e i g h t  o f  t h e  n i n e  m a j o r  s p a w n s  
a s s o c i a t e d  w i t h  t h e  h i g h  t i d e  c y c l e .  
Numerous p e r i o d s  of  f a l l i n g  b a r o m e t r i c  p r e s s u r e  ( F i g u r e  1 2 )  o c -  
c u r r e d  t h r o u g h o u t  t h e  s p a w n i n g  s e a s o n ,  h u t  t h e r e  a p p e n r ~ ~ c - X e - l i t t l e  
c o r r e l a t i o n  w i t h  t h e  o n s e t  of s p a w n i n g  a s  was seen  i n  the 1981-82 
s e a s o n  ( R e i l l y  a n d  Moore 1 9 8 3 ) .  
T o t a l  r a i n f a l l  d u r i n g  t h e  s p a w n i n g  s e a s o n  amounted t o  23.5  i n .  
w i t h  t h e  r n a j o r i t y  ( 1 3 . 9  i n . )  f a ] - l i n g  i n  l?ebrur:ry a n d  March.  Numerous 
p e r i o d s  of s i g n i f i c a n t  r a i n f a l l  ( >  - 0 . 1  i n . )  o c c u r r e d  t h r o u g h o u t  t h e  
s 2 a w n i n g  s e a s o n .  E a r l y  s e a s o n  r a i n f a l l  w33 l i ( - ; h t  and d e l t a  o u t f l o w s  
were low since runoff into delta river systems was being retained by 
watershed managers. One major storm in mid-February accounted for 
7.4 in. of rain and dramatically depressed salinity in bay waters. 
Prior to this storm, spawning was occurring at approxirnatly 2-wk inter- 
vals. High delta freshwater outflows continued to depress bay salinity 
throughout the month of February. When surface salinity reached 8.7 
ppt in March, herring which had been present in the bay spawned. This 
was the same behavior that we noted in winter 1981-82 when reduced sal- 
inities inhibited spawning of ripe herring present in the hay. While 
very low salinity seems to inhibit spawning, reduced salinities have 
been found to increase egg survival (Taylor 1971). When significant 
rainfall did occur approximate to a spawn, high tide at night was also 
v 
coincident. 
The majority of spawning (eight out of nine spawns) took place 
prior to the period of heavy rainfall and associated reduced salini- 
, ties. This season 46% of the total herring biomass spawned in the 
1 
north bay. In the previous two seasons the percentage of fish spawning 
in the North Bay had increased from 16 to 30%. 
Size Composition of Herring Samples from 
Humboldt Bay and Tomales Bay 
One sample of herrinq was obtained with the variable-mesh gill net 
in Tomales Bay on January 26, 1986, and fish were sampled concurrently 
from a-2.125-in. mesh commercial gill net (Table 17). Mean BL differed 
by 14.4 mm and indicates that the smaller herring are not being ex- 
ploited by the fishery. Samples from San Francisco Bay during the same 
time period show a smaller mean RL, both from variable-mesh gill net 
samples (Table 5, schools 7 and 8) and from commercial 2.125-in. mesh 
TABLE 17. Number of Pacific H e t - r i n g  b y  Zrsdt,~ L q i ~ c j t h  ( 2 - m ~ n  Intervals) 
from Variable-I~icsn and C r ~ r n m e l r c i t + l  G i l l  Net Sampies ,  Tornales 
and H u m b o l d t  Days, J a n u d r y  1986. 
Size Tcmales Bay !?u?thol(l t Bay- I/ 
interval variable-mesh commercial v a r  i23hle-?-flesh commercial 
(mm) 
-- 
gill net qill r-~r?!: (~ill. : ~ c t  g i l l  n e t  




166 4 1 
168 3  1 2 
170 2 10 
172 2 9 
174 3 1 13 
176 4 3  8 
178 4 1 17 
180 2 2 9  
182 1 1 9 
184 1 6 9 
186 3 2 18 
188 1 6 1 5  
190 1 2 11 
19 2 1 7 19 1 
194 1 4 16 
1 9 6  5 4 34  3 
198 1 3 31 4 
200 1 4 31 11 
202 1 7 1- 9 19 
204 2 7 26 29 
. -. 206 6 29 41 
208 . 2 4 14 36 
210 1 8 2 2  28 
212 1 7 12 5 1 
214 1 3 12 49 
216 1 2 8 4 3 
218 2 8 25 
220 2 2 4 26 
222 3 5 16 
224 3 17 
226 1 1 12 
228 2 5 
230 1 5 
232 3 - 
234 
2 3 6  - - .- 1 





1 9 6 . 5  
-- 
212.7 
1/ Data from Pat Collier, DFG, Eureka. 
- 
gill net samples (Table 10, schools 7 and 8). This may be a result of 
the lack of exploitation of smaller fish in Tomales Bay and/or a higher 
growth rate there, as reported by Spratt (1981). 
More pronounced differences were found in variable-mesh and com- 
mercial 2.25-in. mesh gill net samples from Humboldt Bay in January 
1986. Herring from the variable mesh averaged 196.5 mm BL, while those 
from the commercial fishery averaged 212.7 mrn BL (Table 17). Again, 
this indicates the absence of fishing mortality among the younger age 
classes. Differences in growth rates .between Humboldt Bay and San 
- Francisco and Tomales Bays most likely account for the higher mean BL 
in the variable mesh samples. As further evidence of this, mean BL 
from commercial gear in Humboldt Bay was larger than any monthly mean 
BL we have reported from 2.25-in. mesh in San Francisco Bay (Table 6). 
Morphometric Analysis of Herring from San Francisco, 
Tomales and Humboldt Bays amd Fort Bragg 
\ 
1 A total of 384 herring was used for morphometric analysis. Num- 
ber of herring and BL range were as follows: Humboldt Bay (HB), 87, 
167-227 mm; Fort Bragg (FB), 64, 160-209 mm; San Francisco Bay (SF), 
123, 152-229 mm; Tomales Bay (TZ) . 110, 163-229 mm. One herring from 
SF had no pelvic--E ins and was ex-cluded from the analysis. With the 
exsaption of MAXW and HEADW (Table l), the measurement error for a par- 
ticular character ranged from 0.6% to 10.6% of the total variance. It 
was subsequently determined that MAXW was not taken in the same manner 
as Meng and Stocker (1984), and due to the small size of the measure- 
ment in this study, a relatively high ratio (58.8%) was obtained of 
measurement error to variance in the samples. HEADW measurements were 
difficult to duplicate, and the measurement error was 48.8% of the 
total variance. 
Ten o f  t h e  t w e l v e  r r o r p h o r n e t r i c  charact-e:r:; were cr1t.c r e d  i n  tlle 
s t e p w i s e  d i s c r i m i n a n t  a n a l y s i s ;  DOKCAUD arid 1II:ADTJ were e x c l  uded  . Group 
means  were  h i g h l y  s i g n i . f i c a n t l y  d i f f e r e n t  ( P C <  Q.001). The j a c k k n i f e d  
c l a s s i f i c a t i o n  m a t r i x  s h o v ~ c d  c o r r e c t .  c 1 a s s i . f  i c a t i o n  o f  7 5 . 0 % ,  6 4 . 4 %  , 
65.6%, and  5 5 . 5 %  f o r  h e r r i c g  f r o m  FBI H B ,  S F ,  a n d  T B ,  r e s p e c t i v e l y  
( T a b l e  1 8 ) .  Most o f  t h o  m i s c l a s s i f i c a t i o n s  ( a  m e a s u r e  o f  s t o c k  i n t e r -  
m i x i n g )  o c c u r r e d  b e t w e e n  F13 and  HB f i s h  ant? bet;,:c2n TT3 a n d  S F  h e r r i n g .  
By g r o u p i n g  FB w i t h  HE i n t o  a  n o r t h e r n  g r o u p  and  S F  w i t h  TB i n t o  a 
s o u t h e r n  g r o u p ,  t h e  s t e p w i s e  d i s c r i m i n a n t  d n a l y s i s  r e s u l t e d  i n  a d i s -  
c r i m i n a n t  f u n c t i o n  t h a t  i n c l u d e d  f i v e  c h a r z c t e r s :  SNOIJTMAX, P E D U N C L E ,  
PELVHEI, PECTW, a n d  HEADW. Group means  w e r e  h i g h l y  s i g n i f i c a n t l y  
d i f f e r e n t  ( p < <  0 . 0 0 1 )  b e t w e e n  t h e  two g r o u p s .  T h e  j a c k k n i f e d  c l a s s i f i -  
c a t i o n  f u n c t i o n  showed c o r r e c t  c l a s s i f i c a t . i o n  of 8 4 . 4 %  and 8 6 . 6 5  f o r  
n o r t h e r n  a n d  s o u t h e r n  g r o u p s ,  r e s p e c t i v e l y  ( T a b l e  1 8 ) .  SNOUTMAX a n d  
PEDUNCLE were t h e  b e s t  d i s c r i m i n a t i n g  v a r i a b 1 . c : ~ ~  f o l l o w e i  by  P E L V H E I .  
.. F r a t i o s  f r o m  ANOVA ( A p p e n d i . ~  I )  f o r  SNOUTPqAY and PEDU'qCT,E were a l s o  
\ 
h i g h e s t  among t h e  12 c h a r a c t e r s .  
A n a l y s i s  o f  c o v a r i a n c e  f o r  mean o t o l i t h  l e n g t h  a n d  w i d t h  f r o m  225 
o t o l i t h s ,  w i t h  BL a s  c o v a r i a t e ,  showed a  s i g n i f i c a n t  d i f f e r e n c e  among 
t h e  f o u r  g r o u p s  f o r  e a c h  m e a s u r e m e n t ,  r e s p e ~ t i . + ~ ? l y  ( f o r  o t o l i t h  l e n g t h ,  
-- _- 
F = 3 8 . 5 5 4 ,  p < 0 . 0 1 ;  f o r  o t o l i t h  w i d t h ,  F = 2 2 . 9 2 2 ,  p < 0 . 0 1 ) .  o t o l i t h ~  
f r o m  F o r t  Bragg  had  t h e  g r e a t e s t  p o s i t i v e  mean d e v i a t i o n s  f r o m  t h e  
g r a n d  means  f o r  b o t h  l e n g t h  a n d  w i d t h ,  t h o s e  f r o m  Humholdt  Bay had t h e  
g r e a t e s t  n e g a t i v e  mean d e v i a t i o n s  f rom t h e  g r a n d  m e a n ; ,  a n d  t h o s e  f r o m  
T o m a l e s  and S a n  F r a n c i s c o  Bays  were f a i r l y  s i i q i l a r  a n d  n c a r  t h e  g r a n d  
m e a n s .  
TABLE 18. Jackknifed Classification of Morphometric Characters 
for Pacific Herring. 
part 1. four groups , 
Percent Number of cases classified into group 
Group correct FB HB SF TB 
Total 64.0 72 90 117 107 
part 2. two groups 
Percent Number of cases classified into group 




Total 85.9 159 224  
- 58 - 1 
C o m p a r a t i v e  Aqing S t u d y  w i t h  iqashingtc;ri Dopa r t  ! lent  of F j  s h e r i e s  
N i n e t y - t h r e e  h e r r i n g  f rom San F r z n c i z c o  Hay, t a n c j i n a  f r o m  1 4 4  t o  
2 1  3 mm D L ,  were aged by QFG u s i n g  o t o l  i t h s  a n d  ;?DF u s i n g  s c a l e s .  WDF 
readers $.rere d i s8dvan tagQc. .  5 y  t3aving no  I c n o w l ~ ~ l ~ ~ t ~  of 111, s s s o c i a t e d  w i t h  
e a c h  s c a l e  n o r  a n y  p r e v i o u s  e x p e r i e n c e  a g i n q  San  F r a n c i s c o  Bay f i s h .  
N e v e r t h e l e s s ,  agrecrner l t  wes 56% f o r  a l l  ages a.:d a s  h'.cj\l a s  65-70% f o r  
3- and  4 -y r  o l d s .  T h e s e  a r e  s t r o n g  year c l a s s e s  i n  o u r  f i s h e r y  w i t h  
good  g r o w t h  ra te : ;  and r c l a t j v e l y  w i d e  ennuaL zoqes. A p g r o x i r n a t e l y  8 0 %  
of WDF's d i s a g r e e r r ? e n t s  were on t h e  l o w  s i d e ,  w i t h  7 5 %  o f  t h o s e  b e i n g  1 
y r  less  t h a n  t h o s e  f r o m  o t o l i t h s .  A c o n p ~ r i s o n  of mean age p e r  10-mm 
R L  i n t e r v a l  f r o m  o t o l i t h s  ant3 s c a l e s  shows g r e a t e r  d i l iSEerences  f o r  o l d e r  
f i s h  ( T a b l e  1 9 ,  p a r t  1) . Mean a g e - a t  l e n g t h  i s  u s e d  f o r  c o m p a r i s o n  
s i n c e  w e  s t r a t i f i e d  o n  l e n g t h  i n  s a m p l i n q  f o r  a g e - l e n q  t h  c o r n p o s i t i o n .  
A t o t a l  o f  36 l a r g e  h e r r i n g  f r o m  t h e  G u l f  o f  Georgia ,  W a s h i n g t o n  
r a n g i n g  f r o m  235 t o  266 mm B L ,  was a g e d  b y  WDF u s i n g  s c a l e s  a n d  b y  t h r e e  
DFG r e a d e r s  u s i n g  o t o l i t h s .  Q u a l i t y  of o t o l i t h s  was a b o v e  a v e r a g e  com- 
.- 
"pared  w i t h  San F r a n c i s c o  Bay h e r r i n g ;  h o w e v e r ,  t h e r c  was n o  c o r r e l a t i o n  
b e t w e e n  q u a l i t y  o f  a s c a l e  a n d  a n  ot91it12 f f r  L ::he fii;!?. A v e r a q e  age 
w a s  7 . 2  y r  u s i n g  o t o l i t h s  a n d  6 . 5  y r  u s i n g  s c a l e s .  A g r e e m e n t  was o n l y  
31% b e t w e e n  o t o l i t h s  a n d  s c a l e s ;  h o w e v e r ,  88: o f  t h e  d i s a g r e e m e n t s  were 
by o n l y  1 yr, a n d  9 1 %  o f  t h o s e  were 1 y r  less u s i n g  s c a l e s .  
An a d d i t i o n a l  8 5  p a i r s  o f  o t o l i t h s  f r o m  Gul f  o f  G e o r g i a  h e r r i n g ,  
BL r a n g e  134-256  mm, were a g e d .  A v e r a g e  zgz  p 2 r  BL i n t e r v a l  f rom a l l  
W a s h i n g t o n  h e r r i n g  w a s  f a i r l y  s i m i l a r  t o  t h a t  f rom W a s 5 i n g t o n  h e r r i n g  
a g e d  i n  1 9 8 5  by s c a l e s  (Dwane Day, VJDF, S e a t t l s ,  per's. commun.) 
( T a b l e  1 9 ,  p a r t  2), a l t h o u g h  o t o l i t h  r e a d i n g s  show a s l i g h t l y  h i g h e r  
mean a g e  t h a n  do  s c a l e s  f o r  f i s h  g r e a t e r  than 1 9 0  m a  i3L. The f a c t  t h a t  
TABLE 19. Mean Age per BL Interval for San Francisco Bay and 
Gulf of Georgia, Washington, w erring Based on Otoliths 
and Scales, 1985-86. 
part 1. San Francisco Bay herring 
BL 
interval Mean age 
(m) DFG otoliths WDF s c a l e s  
part 2. Gulf of Georgia,herring 
BL 
interval Mean age 
(mm) DFG otoliths WDF scales 
o t o l i t h : >  from WasZ!i.nrjtotl i ~ t > r r i u g  a r e  ok a be l t -  . r  cjua1.it.y t h a n  s c a 1 . c ~  
f r o m  San F r a n c i s c o  13sy h e r  r i n g  prot1ab1.v ac,counts  for m u c h  o f  t h e  c l o s e r  
a g r e e m e n t  b e t w e e n  3 g i  r r ~ r ~ t l , r ~ c l s  f o r  ila~;i~ir~ijt .a:l  f i s h .  
kge-Leng th  Kelafi iot lship.";  :or \ l : ~ c k i n g t i j p  and C s i  i f o r n i z z  I Je r r i r lg  
A c o r n p a r i s o n  o f  mean ~c je  p.:t- BL i n t e r v a . 1  ~il-~orig hcbl-rinq f r o m  C a l -  
i f o r n i a  a n d  Washingtor1 s h o ~ r s  a t r e n d  o f  '3.ighcr g rowth  r a t e s  w i t h  
i n c r e a s i n g  l a t i t u d e ,  w i t h  the e k c e p t i o n  G E  Fort Bragg f i s h  ( T a b l e  2 0 ) .  
Most h e r r i n g  i n  t h e  150-169 mrn HL r a n g e  h a d  .r;ilrlilar ages among a l l  o t h e r  
l o c a t i o n s .  Beyond t h a t  s i z e  r a n g e  g rowth  r a t e s  diverged, a n d  f o r  220 -  
229  mm BL h e r r i n g ,  t h o s e  from San F r a n c s i c o  B h v  a'uerar_led a l r n o s t  2 y r  
o l d e r  t h a n  t h o s e  f r o m  Mash ing to r l .  I ic r l r ing  fro-n F o r t  F3ragg were 
a t y p i c a l ,  w i t h  p o o r ,  o d d l y  s h a p e d  o t o l i t h s  a n d  a d i f f e r e n t  p a t t e r n  o f  
a n n u l i  f o r m a t i o n .  F o r t  B r a g y  samples (>:so w e r e  c h a r a c t e r i z e d  b y  a n  ah-  
s e n c e  o f  f i s h  - > 210 mrn EL, c a n s i s t e n t  w i t h  a g i n g  d a t a  i n d i c a t i n g  a s l o w  




The 1935-86 h e r r i n g  s??!lnir- . j  p o p ~ i l - ~ t l r : i - ,  ;.r, 5-IT-1 ":a::ci.;co Bay was 
composed o f  t h r e e  y e a r  c l a s s e s  ( 1 9 8 4 ,  1 9 8 3 ,  1 9 8 2 )  o f  a v e r a g e  t o  a b o v e  
a v e r a g e  s t r e n g t h  which  c o n t r i b u t e d  8 5 5  by ~c iq17 . t  t o  t]le t o t a l  s p a w n i n g  
--- 
b i o m a s s .  D u r i n g  t h e  5 yr o f  t h i s  s t u d y  w e  have s e e n  c>nl-& _ 
t i v e l y  weak y e a r  c l a s s  ( 1 9 8 1 )  c y c l e  throliykl t i l e  f i s h e r y ,  a n d  i n  g e n e r a l  
s t o c k s  a p p e a r  h e a l t h y .  Our h y d r o a c o u s t i c  bio.i ' tss e s t i l z a t e s  h a v e  shown 
a g r a d u a l  i n c r e a s e  i n  s p a w n i n g  b i o m a s s  s i n c e  t h e  ).ow l e v e l  d u r i n g  t h e  
1983-84 s e a s o n ,  i n  a g r e e m e n t  w i t h  spawn e s c a p e m e n t  e s t i m a t e s .  However ,  
v a r i a n c e  of o u r  e s t i m a t e s  c a r ~ ~ l o t  be c a l c u l a t e d ,  a n d  9 5 %  c o n f i d e n c e  
l i m i t s  f o r  spciwn escapement  e s t i ~ n a t e s  ( S p r a t t  1 9 8 6 n ,  1 0 3 5 )  o v e r l a p  f o r  
TABLE 20. Comparison of Mean Age per BL Interval for 
Pacific Herring from California and Washington 
Based on Otoliths. 
BL Mean age (years) 
interval San Francisco Tomales Fort Humboldt 
the p a s t  tw:) seasons , ' T i l l  s :;icjt?alc, a ::C,LII-I (,,lC, c : i b : ) ~  O ~ C ; \ I  to n=lnaqciilent 
for s tocks  w h i c h  i n  fact. may not I-~c on t!?e t ;pn ; l  L s : d c .  of ii cqyclc b u t  
r a t h e r  l e v e l i n g  o f f  at s r . o e c r a t e  hi,311n:;s. 
Our sampling gear P;I:- fiqt chnng?{i  '.;i r , : 3  -'-::l::1r?l' 1.932 a n d  wc Pave 
been able t o  i d e n t i E y  consislent b i a s e l .  Qn 1 3  cr ,cas ions  j n  t h e  p a s t  
f i v e  s e a s o n s  w e  compsrcd iiie~zn B L  by school bat.wfx(~:.l ~ 3 r i a b l  e-mesh g i l l  
n e t  a n d  r o u n d h a u l  s a m ~ l c s .  Ar;sunlng rf3llfid'li-l~1 5-.inpJ e:; d r z  u n b i a c , e d ,  
gill n e t  sanzple mea!ls have c v e r a g e d  4.1 t717ri 3rec;tcr and indicate a b i a s  
t o w a r d s  l a r g e r  f i s h .   his may c x c u r  bec.atl,se r; . i , . l l l  her.i?i-nq are a b l e  t-o 
s w i m  t h r o u g h  l a r g e  rileshes w h i l e  l a r g e  5 i s Y 1  are i l ~ e f l e c t . e d  f r o i n  s r n a f l e r  
meshes a n d ,  i f  t h e y  t u r n  towards t h e  1-ar:ge:_' r i~h?sh  t:~id, !lava a c h a n c e  of 
e n c o u n t e r i n g  t h e  n e t  a g a i n  an3 b e i n g  c a ~ g h t ,  H a v i n g  a q u a n t i f i a b l e  
i d e a  o f  t h e  b i a s  a d d s  t o  t h e  v a l u e  of t h i s  c o n v - n j e n t ,  i n e c p c n s i v e  
s a n p l i n g  t o o l .  
In 1 2  c o m p a r i s o n s  d u r i n g  the p a s t  f i - vc  seasons, m i d w a t e r  t r a w l  
sa inplo m e a n s  h a v e  a v e r a q e d  2 .0  mrn l e s s  than r o u ? . l h a u l  salc~plc means  
. 
1- f r o m  t h e  save s c h o o l .  T h i s  i s  a s m a l l  d i f f e r  cnce a n d  may be d u e  t o  
t r a w l  a v o i d a n c e  b y  t h e  few l a r g c s t - .  f is'-! i n  t-!iP2 r,cli:?l . Ci. f f c r c n c r ? s  
between s a m p l e  means  d o  n o t  d e c r e a s e  f o r  t rdwl .  s a ~ n p l e  s i z e  g r e a t e r  t h a n  
a p p r o x i m a t e l y  5 0 .  
S h o r t - t e r m  research g o a l s  o f  t h i s  p r o j e c t  c n n t l n u e  t o  c h a n q e .  T h i s  
s e a s o n  m a r k e d  t h e  t h i r d  and l a s t  i n  which  f e c u n d i t y  es t - imates  w i l l  be 
msde; t h e r e  h a v e  b e e n  no s i g n i f i c a n t  d i f f e r e n c e s  i n  mean ratio of e g g s  
pzu g of  h e r r i n g  among s e a s o n s .  T h i s  e n c o r n ~ ~ a s s c d  pnriods of d i f f e r e n t  
o c e a n i c  c o n d i t i o n s ,  i n c l u d i n g  o n e  o f  t h e  qost severe El. ~i%o e v e n t s  e v e r  
recorded.  The m o r p h o r n e t r i c  s t u d y  was our  f i r s t  a t tcmpl :  t o  d i s t i n g u i s h  
s t o c k s  f rom n o r t h e r n  and  c e n t r a l  C a l i f o r n i a  spawning  g r o u n d s ,  and  re- 
s u l t s  were e n c o u r a g i n g .  The p e r c e n t a g e  o f  f i s h  c o r r e c t l y  c l a s s i f i e d  b y  
t h e  j a c k k n i f e d  f u n c t i o n ,  a f t e r  g r o u p i n g  t h e  two n o r t h e r n m o s t  and  two 
s o u t h e r n m o s t  s a m p l e s ,  was a l m o s t  i d e n t i c a l  t o  t h a t  r e p o r t e d  by  Meng and  
S t o c k e r  ( 1 9 8 4 )  f o r  n o r t h e r n  and s o u t h e r n  B r i t i s h  Columbia h e r r i n g .  
R e s u l t s  o f  a n a l y s i s  o f  c o v a r i a n c e  o f  o t o l i t h  l e n g t h  and w i d t h  i n d i -  
cate g rowth  d i f f e r e n c e s  f o r  h e r r i n g  o t o l i t h s  f rom Humboldt Bay,  F o r t  
Bragg ,  and t h e  combined g r o u p  from Tomales and San F r a n c i s c o  Bays.  Her- 
r i n g  from F o r t  Bragg ,  w i t h  t h e  slowest g rowth  ' r a t e ,  h a v e  t h e  l a r g e s t  
o t o l i t h s  r e l a t i v e  t o  BL, w h i l e  t h o s e  f rom Hurnboldt Bay, w i t h  t h e  h i g h e s t  
g rowth  r a t e ,  h a v e  t h e  s m a l l e s t  o t o l i t h s  r e l a t i v e  t o  BL. 
D i f f e r e n c e s  i n  mean a g e  p e r  BL i n t e r v a l  among t h e  f o u r  morphomet r i c  
g r o u p s  s u p p o r t  t h e  i d e a  o f  s e p a r a t e  s tocks .  Whi le  Tomales  Bay h e r r i n g  
may n o t  b e  e n t i r e l y  s e p a r a b l e  f rom San F r a n c i s c o  Bay h e r r i n g  b y  morpho- 
m e t r i c  or o t o l i t h  l e n g t h / w i d t h  a n a l y s i s  a l o n e ,  g r o w t h  d i f f e r e n c e s  were 
a p p a r e n t  i n  t h i s  s t u d y  and  a s  r e p o r t e d  by  S p r a t t  ( 1 9 8 1 ) .  I m p l i c a t i o n s  
. \ 1 
are t h a t  t h e  t h r e e  f i s h e r i e s  i n  Humboldt,  Tomales ,  and  San F r a n c i s c o  
Bays  need t o  be managed s e p a r a t e l y ,  and i n d e p e n d e n t  b i o m a s s  e s t i m a t e s  
are needed  f o r  e a c h  a r e a .  
Age d i f f e r e n c e s  u s i n g  scales and o t o l i t h s  f rom t h e  same f i s h  
i n d i c a t e  t h e  need f o r  c o o p r a t i v e  s t u d i e s  t o  l e n d  p e r s p e c t i v e  t o  t h e  
i n t e r p v  o f  o t o l i t h s .  I n n e r  a n n u a l  z o n e s  and  c h e c k s  o n  o t o l i t h s  
/ 
/----wing t h e  f i r s t  2 y r  o f  g r o w t h  s o m e t i m e s  a re  c o n f u s i n g  t o  r e a d e r s ,  and 
a knowledge o f  l e n g t h  f r e q u e n c y  d a t a  o f  YOY and  j u v e n i l e  h e r r i n g  e a c h  
year  c a n  a s s i s t  i n  t h e  i n t e r p r e t a t i o n  o f  z o n e s .  On t h e  o t h e r  h a n d ,  
scales o f  o l d e r  h e r r i n g  may be d i f f i c u l t  t o  r e a d  b e c a u s e  o f  l o s s  o f  t h e  
o u t e r m o s t  zone  or z o n e s  f rom wear .  Both  scales  and  o t o l i t h s  a p p e a r  t o  
- 
be a c c e p t a b l e  f o r  a g i n g  P a c i f i c  h e r r i n g .  
SUMMARY 
Tile P a c i f i c  H e r r i n g  2 ~ s e a r c h  P r o j e c t  I-,',cqan d u r j  ng t h e  1981-82 
s p a w n i n g  s e a s o n  i n  San  F r a n c i s c o  Bay. Pr i :na r i r  o b b j e c c i v e s  c o n t i n u e  t o  
be o b t a i n i n g  h y d r o a c o u s t l c  b i o n a s s  estirn:itcs of each school  of a d u l t  
h e r r i n g  p r i o r  t o  s p a w n i n q  a n d  t o  s a m p l e  e a c h  s c h o o ,  f o r  a g e  a n d  l e n g t h  
c o m p o s i . t i o n  a n d  s e x  r a t i o .  
D u r i n g  t h e  O c t o b e r  1 9 8 5  t o  Flarch 1986  spawn ing  s r t a s o n ,  n i n e  
d i s c r e t e  h e r r i n g  s c h o o l s  e n t e r e d  San  F r a n c i s c ~  Bay. Our t o t a l  h y d r o a -  
c o u s t i c  b i o m a s s  e s t i m a t e ,  i n c l u d i n g  5 4 0 0  t o n s  n ~ t  m o n i t o r e d  a c o u s t i c a l l y  
b u t  e s t i m a t e d  f rom c a t c h  a n d  e s c a p e m e n t ,  was 4 2 , 0 0 0  t o n s .  T h i s  c o m -  
p a r e s  w i t h  a n  e s t i m a t e  of 4 9 , 0 0 0  t o n s  f rom t h e  sum spawn e s c a p e m e n t  and  
coi-ctmercial c a t c h .  H y d r o a c o u s t i c  es t imates  h a v e  d i f f e r r e d  f r o m  e s c a p e -  
m e n t - p l u s - c a t c h  e s t i m a t e s  by  1 0  t o  38% d u r i n g  the p a s t  f o u r  s e a s o n s ,  
b u t  b o t h  show a d e c l i n e  i n  t h e  El ~ i n ' & i r n ~ ? i c t e d  s e a s o n  o f  1 9 8 3 - 8 4  
-. 
f o l l o w e d  by a g r a d u a l  i n c r e a s e  t h e  n e x t  two  seasons. 
-- - 
E i g h t y - f i v e  s a m p l e s ,  c o n t a i n i n g  a t o t a l  o f  1 3 , 2 6 9  h e r r i r q ,  were 
c o l l e c t e d  w i t h  v a r i a b l e - m c s h  g i l l  n e t  a n d  m i u w a t c r  trawl or  o b t a i n e d  
f r o m  t h e  roundhau l .  a n d  g i l l  n e t  f i s h e r i e s .  !:can BL d e c r e a s e d  o n l y  d u r -  
ing t h e  e a r l y  p a r t  o f  t h e  s e a s o n ;  t h e  s t r o n g  s h o w i n g  o f  t h e  1 9 8 2  a n d  
1983 y r  c lasses  r e s u l t e d  i n  more  u n i f o r m  l e r i g t h  c c q p o s i t i o n  o f  s a m p l e s  
from m i d - ~ e c e n t b e r  t o  March f o r  a l l  g e a r  t y p e s .  Plost samr,les i n  
November a n d  December c o n t a i n e d  l e s s  t h a n  5C% f a m a l c s .  J a n u a r y  a n d  
F e b r u a r y  s a m p l e s  f l u c t u a t e d  c l o s e r  t o  a n  e q u a l  s e x  r a t i o ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  g i l l  n e t  f i s h e r y  w h i c h  s:?lects f o r  l a r y e s  h e r r i n g  a n d  
a h i g h e r  p e r c e n t a g e  o f  f e q a l e s  d u r i n g  t h e s e  2 m a .  
One of the most consistent results during the past 5 yr of this 
project has been the increase in percentage of females with increasing 
mesh size from variable-mesh gill net sampling. This season, percent- 
ages ranged from 30 to 80 for 1.5-in. to 2.5-in. mesh. 
Predicted weight-at-length and mean age-at-length and weight-at- 
age relationships all indicate healthy stocks and average to above 
average growth rates for all year classes. The 1982 yr class has had 
the highest mean BL and weight as 3- and 4-yr olds that we seen in 
5 yr. 
Age composition data, based on otolith aging of 1720 herring from 
roundhaul, midwater trawl, and variable-mesh gill net samples and as- 
signment of ages to length frequency samples indicated the bulk of the 
spawning biomass consisted of 2-, 3-, and 4-yr-old herring (1984, 1983, 
1982 yr classes). These contributed 90% by and 85% by weight to the 
total spawning biomass. Only one school in mid-November contained a 
high proportion of older fish. The 1981 yr class continued to be rela- 
- 1 1 
tive'ly weak. 
Average fecundity was estimated from egg counts from 96 unripe 
herring. An adjusted mean ratio of 226.4 eggs per g of female had 
a 95% confidence interval of 4.5 eggs. The average ratio of eggs/g 
for 3 4 3  fecundity estimates during the last three seasons was 222.8. 
NO significant diffe~ence of ratios among seasons was found. 
~ a v l t a  Project catch data for young-of-the-year herring in 
-- 
-I 
, -1385 indicates that this year class will be as strong as or stronger 
_/' 
r ,  
than the 1984 yr class. Fairly good correlation exists between CPUE of 
YOY herring and resultant year class strength as 2-yr olds in the 
fishery. 
- 61) - 
H i g h e s t  t i d e s  i n  a c y c l ~  we!-c a major  i n f l~ l ( : r~ce  o n  t i m j n g  o f  
s p a w n s .  Heavy r a i n f a l l  a n d  r e s u l t a n t  dep resse f i  c ~ > l i . n ~ . t y  i n h i b i t e d  
spawning  i n  t h e  b a y  f o r  3 wk i n  F e b r u a r y  2 n d  !larc!l, 
A m o r p h o m e t r i c  a n a l y s i s  o f  h e r r i n g  f ror*~ !!tzl~i!,o!,dt 13ay, F o r t  Rragg  , 
Tomales  Bay,  a n d  San F r a n c i s c o  Bay, a f t c r  poblinq i n t o  n o r t h e r n  a n d  
s o u t h e r n  g r o u p s ,  showed t h a t  s t o c k s  c o u l d  be: d i : : t i n g u i s h e d  w i t h  a n  
85 -878  s u c c e s s  r a t e .  Growth d i f f e r e n c e s ,  e x p r e s s e d  a s  mean a g e  p e r  BL 
i n t e r v a l ,  a l s o  a r e  e v i d e n t  among t h e  four g r o c p s  and  show a  g r a d u a l  
i n c r e a s e  i n  g r o w t h  r a t e  w i t h  i n c r e a s i n g  l a t i t u d e  w i t h  t h e  e x c e p t i o n  of 
F t .  B r a g g .  H e r r i n g  f r o m  W a s h i n g t o n ,  a g e d  by  s c a l e s  and  o t o l i t h s ,  a l s o  
f i t  t h i s  t r e n d .  
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APPEFIDIX A.  S u m m a r y  of A d u l t  H e r r i n g  Sanp les  f r a n  S a n  F r a n c i s c o  I b 
Bay, November 1985 to March 1386. 
S a m p f  e 
number D a t e  
354 Nov 15 
355 Nov 25 
356 Nov 27 
357 Nov 27 
358 fJov 30 
359 D e c  3 
360 D e c  3 
361 D e c  3 
362 D e c  5 
363 D e c  5 
364 D e c  5 
365 D e c  6 
366 C e c  6 
367 D e c  11 
368 D e c  13 
369 D e c  17 
370 D e c  17 
371 D e c  18 
372 D e c  18 
373 D e c  20 
374 D e c  20 
375 D e c  20 
376 D e c  23 
377 D e c  26 
378 D e c  30 
379 D e c  30 
380 J a n  2 
. ,381- J a n  6 
3x2 J a n  6 
383 J a n  6 
38 4 Jan 6 
385 J a n  6 
38 6 J a n  7 
387 J a n  7 
388 J a n  8 
389 J a n  8 
390 J a n  9 
391 J a n  13 
392 J a n  15 
393 J a n  16 
394 J a n  17 
395 J a n  20 
396 J a n  20 
397 J a n  20 
398 J a n  20 
39 9 J a n  21 
400 J a n  22 
401 J a n  22 
402 J a n  23 
403 J a n  24 
Number 
L o c a t  i o n  
--
Gea.r m e a s u r e d  
- 
BELV GN5 304 
SAUS MT 147 
BELV GM5 3 2 
PP MT 10 
BELV GNS 18 
S B  GBN 26 
S B  GN5 191 
S B  CGN 74 
S B  CGN 119 
S B  CGN 101 
S B  CGN 53 
S B  CGN 80 
S B  GN5 124 
S B  MT 321 
S B  CGN 121 
S B  CGN 111 
S B  CGN 117 
S B  GN 5 291 
S B  GN5 82 
S B  CGN 118 
S B  CGN 107 
S B  CGN 115 
YBI GN5 44 
YBI  MT 409 
Y B I  GN5 108 
Y B I  MT 20 
S F  GN5 60 
FTBK RH 293 
SAUS GN 5 194 
SAUS CGN 116 
HP CGN 109 
SAUS CGN 90 
FTBK GN6 547 
H P  GN 6 224 
S B  RH 230 
S B  RH 249 -- 
S B  MT 427 
BELV GN6 205 
Y B I  RH 174 
YBI  CGN 89 
RAC MT 244 
SAUS RH 187. 
T I B  CGN 134 
T I B  CGN 123 
T I B  CGN 136 
T I B  RH 220 
BELV GN6 15 
SAUS RH 215 
SAUS RH 100 
BELV MT 123 
Ilurnbe r A s s i g n e d  





































I ' . . 
. , 
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A P P E N D I X  A.  ( c o n t ' d )  
- 
I 
Sample  Number Number A s s i g n e d  
number Date  L o c a t i o n  Gear  measu red  aged  s c h o o l  number 
404 J a n  27 SF MT 289 94 8 
405 J a n  27 SB GN 6  20 5  8  
406 J a n  28 YBI RH 203 1 2  8 
407 J a n  29 ALC RH 204 3  8  
408 Feb 1 ALC MT 1 6  1 8 
409 Feb 3  SB RH 1 7 8  1 9  8  
410 Feb 3  SB CGN 1 3 1  1 8  
411  Feb 4  SAUS RH 1 6 8  0  8 
412 Feb 5 BELV GN6 1 9 1  1 0 4  8 
413 Feb 5  PP RH 1 5 9  1 3  8 
414 Feb 6 SB MT 8 5  5  9 
415 Feb 6  SAUS RH 1 8 9  1 8  
416 Feb 6  SAUS RH 95  3 8 
417 Feb 6  SAUS RH 107  1 8  
418 Feb 6 SAUS RH 1 5 9  1 7  8  
419 Feb 6  SAUS CGN 1 1 0  1 8 
420 Feb 7 FTBK GN6 24 0 8 
421  Feb 1 0  AISH MT 1 0 7  80  9 
422 Feb 1 9  SAUS RH 1 6 2  0  9  
423 Feb 1 9  SAUS RH 1 8 5  4  9 
424 Feb 1 9  SAUS RH 20 2  1 9  
425 Feb 1 9  SAUS RH 1 9 8  5  9  
A76 Feb 1 9  SAUS RH 1 7 8  5  9 
427 Feb 1 9  SAUS RH 1 7 8  1 9 
428 Feh 20 SAUS RH 1 9 7  5 9  
429 Feb 20 SAUS RH 1 6 0  1 4  9 
430 Feb 21  SAUS RH 1 5 2  1 2  9  
431  Feb 21 SAUS GN6 9  4  9 
432 Feb 24 SAUS MT 111 7 9  
433  Feb 26 PP MT 427 1 3  9  
'43-4 . Feb 28 SAUS GN5 48 4 9 
435 Mar 3  RAC MT 200 3  9  
436 Mar 3 SAUS RH 1 7 7  4  -. 9 
437 Mar 3  SAUS RH 1 8 0  4  9 
4 38 Mar 5 AISH GN6 314 7 9 
Legend: AISH-Angel I s l a n d  S h o a l s ;  ALC-Alcatraz;  BELV-Belvedere Cove; 
PTBK-Cart B a k e r ;  HP-Hunters P o i n t ;  P P - P e n i n s u l a  P o i n t ;  RAC- 
- 
- Raccoon S t r a i t ;  SAUS-Sausa l i to  t o  Y e l l o w  B l u f f ;  SR-South San  
F r a n c i s c o  Bay b e t w e e n  Oakland  Bay B r i d g e  and H u n t e r s  P o i n t ;  
SF-San F r a n c i s c o  be tween  Golden  G a t e  and  Oak land  Bay B r i d g e s ;  
TIB-Tiburon;  YBI-Yerba Buena I s l a n d .  
Legend: CGN-commercial g i l l  n e t ,  2 .125- in .  mesh.  
GN5-5-panel g i l l  n e t ,  mesh s i z e s  1 . 5 ,  1 . 7 5 ,  2 .0 ,  2.25,  2.5 i n .  
GN6-6-panel g i l l  n e t ,  mesh s i z e s  as  a b o v e  p l u s  1 . 2 5  i n .  
MT-12- by 1 2 - f t  (mou th -open ing )  m i d w a t e r  t r a w l .  
RH-commercial p u r s e  s e i n e  o r  l a m p a r a  n e t .  
APPENDIX B e  Number of Pacific Herring by B o d y  Length (2-mm Intervals) 
from Variable-mesh Gili Net Salnples in San  Francisco Bay, 
November 16, 1985 to March 5, 1986. 
Size 
interval Sample number 
(mm) 354 356 358 360 --- 366 371 372 - 375 378 380 382 
144-145 
146 1 1 
148 1 
150 1 1 
152 2 1 3 
154 1 1 1 1 
156 1 2 1 1 2 2 3 
158 1 4 1 1 5 
160 1 1 6 2 3 1 14 
162 1 13 3 1 2 1 13 
164 1 3 3 1 9 1 3 3 11 
166 1 2 1 6 4 1 5 2 17 
168 1 2 3 4 19 3 1 6 4 12 
170 1 8 4 10 2 7 3 16 
172 1 3 7 18 4 6 2 2 9 
174 1 8 8 13 2 2 6 1 10 
176 1 1 7 5 12 2 2 11 2 7 
178 1 2 5 8 11 6 6 2 7 
180 2 1 7 7 1 3 1 3 3 2 
182 5 1 11 10 13 5 2 2 8 5 
184 6 4 2 17 2 11 3 3 2 2 8 
186 6 1 15 9 16 7 2 7 4 7 
188 11 2 13 6 10 5 4 3 3 4 
,190 8 3 1 13 5 lb 3 1 6 3 6 
13-2 8 9 10 15 5 6 6 1 5 
194 11 2 1 13 6 17 2 3 3 4 
196 19 3 3 11 7 22 6 2 5 3 10 
198 21 1 9 4 13 3 3 3 3 
200 21 1 5 5 10 2 3 2 4 
20 2 22 3 1 6 5 8 2 2 3 1 
204 17 1 5 2 1 2 3 1 
206 30 2 6 3 4 2 2 2 
208 17 2 4 .  3 2 1 
210 17 1 2 1 3 2 
212 18 2 1 1 1 
214 21 1 1 1 1 
216 11 1 1 1 1 
218 7 2 1 
220 9 1 
222 5 1 





N 304 32 18 191 124 291 8 2 44 108 60 194 
Mean 203.2 195.7 180.6 188.4 186.1 182.9 183.7 185.4 181.3 181.9 175.0 
Std. dev 11.3 12.0 13.7 11.6 11.9 14.2 1 3 - 3  12.3 14.5 14.0 13.7 
'APPENDIX B. (cont  ' d l  
Size 
interval Sample number 
(mm) 386 387 391 400 405 412 420 431 434 438 
144-145 1 
146 
148 1 1 
150 2 
152 6 1 1 
154 5 3 1 
156 8 1 4 1 1 1 
158 6 3 6 1 1 
160 9 4 5 1 3 1 3 
162 21 3 14 7 2 1 8 
164 18 5 9 1 2 2 1 6 
166 39 10 9 1 1 8 1 1 8 
168 20 10 12 1 10 1 7 
170 31 10 11 2 9 2 9 
172 36 10 15 1 6 2 14 
174 15 11 9 6 1 1 20 
176 22 6 .  7 1 10 3 2 22 
178 16 9 1 2 2 1 6 
166 39 10 9 1 1 8 1 1 8 
168 20 10 12 1 10 1 7 
170 31 10 11 2 9 2 9 
172 36 10 15 1 6 2 14 
174 15 11 9 6 1 1 20 
176 22 6 7 1 10 3 2 22 
178 16 4 - 9  2 A 7 1 1 2 17 1 
180 
_ _  --- 
- 11 11 4 1 1 10 1 5 18 
--- 3 5 7  23- ---3.tt 11 2 2 14 1 1 1 28 
184 18 9 8 1 7 1 1 25 
'M 18 11 5 2 11 1 4 30 
188 24 6 8 1 1 12 1 3 19 
190 24 5 6 2 2 5 1 3 17 
192 32 11 8 2 4 1 4 10 
194 17 7 4 1 8 1 3 13 
196 34 14 8 1 9 2 11 
198 12 10 5 1 6 1 2 
200 24 10 3 5 1 1 5 4 
20 2 16 Q 5 1 2 1 3 5 
20 4 13 4 4 6 1 2 
206 13 12 1 4 2 1 4 
208 8 2 2 3 1 2 
210 5 8 3 5 
212 5 2 2 5 1 
214 1 3 
216 1 1 2 
218 1 1 2 
220 2 






N 547 224 205 15 20 191 24 9 48 314 
Mean 182.7 186.1 178.5 180.0 181.2 183.6 176.9 190.5 191.6 183.2 
Std. dev. 14.8 15.3 15.0 12.9 11.9 14.8 11.9 14.7 12.3 11.6 
=- ! 
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APPENDIX C.  Number of P a c i f i c  H e r r i n g  b y  Body Lenq th  (2 -mm I n t e r v a l s )  
f r o m  M i d w a t e r  T r a w l  Sample i n  San F r a n c i s c o  Bay, 
November 2 5 ,  1 9 8 5  t o  March 3 ,  1 9 8 6 .  
S i z e  
i n t e r v a l  Sample  number  
(mm) 355 3 5 7  3 6 7  377  379 --- 3 9 0  394  4 0 3  
130-139 
140-141  1 
1 4 2  1 
1 4 4  1 
1 4 6  1 1 1 
148 2  2  
1 5 0  1 1 3 1 1 
1 5 2  3  6  4  4  1 
1 5 4  1 7  5 
1 5 6  3  7  2  9 6  
1 5 8  1 1 4  8 8  
1 6 0  3  1 6  1 6  11 4  
1 6 2  2  1 4  1 2  1 9  1 4  4  
1 6 4  1 5 11 1 3 7  11 4  
1 6 6  3  20  27 3  3 3  24 4  
1 6 8  2  1 1 6  22 2 5  18 6 
1 7 0  1 1 5  24 1 2 1  20 4  
1 7 2  6  23  29 1 26 24 1 6  
1 7 4  4  1 1 0  1 9  1 2 5  8 5  
1 7 6  1 0  1 2  2 1  2  22  1 4  1 3  
178  5  1 4  1 9  1 2  1 0  7 
1 8 0  8 1 4  8  30 3 5 
1 8 2  7 1 28 20 1 6  14 5 
1 8 4  4  1 2  1 4  1 9  2  5 
--L€i6 . 1 5  1 7  1 5  1 57 6  7  
- 
1 8 8  7 1 1 6  1 2  1 1 2  -47 -  --- - - 
1 9 0  1 0  1 4  1 9  1 1 2  2  6  
1 9 2  1 3  2 0 1 7  3 1 2  6 8  
1 9 4  9 1 11 1 2  2  9 3 1 
1 9 6  6 1 1 5  1 3  11 3 3  
1 9  8  6 1 9 8 7  2  1 
200 7 1 6  1 3  3  1 3  
2 0 2  6 5 4  2  1 6  
204 4 1 4  5 3  2  2  
2 0 6  5 5 2  
208 2  3 4  1 
210 2  1 1 1 1 
212 2  1 2  4  1 1 
214 1 1 3 1 
216 1 
218  1 
220  1 
222  1 
224 
226 
N 1 4 7  10 3 2 1  409  20 4 2 7  244 1 2 3  
Me an 188 .6  1 9 2 . 1  1 8 1 . 6  1 7 8 . 8  ' 179 .9  1 7 5 . 2  1 7 2 . 5  1 8 0 . 1  
S t d ,  dev 11.6 1 3 . 7  1 2 . 9  1 4 . 4  1 5 . 8  1 2 . 5  1 2 . 3  1 2 . 6  
-- ---- --- - P W " - - l R - r P - - - v . *  ,- - w - 
' .&'- . I I 
- -- . . .--+v,i. C*. - - 7  .-""*-.' 
S i z e  
interval Sample number 
(mm) 4 0 4  408  4 1 4  4 2 1  4 3 2  4 3 3  435 
N 289 16 85 10'7 111 427 200 
Me an 173.7 179.8 180.0 180.3 181.3 178.6 178.5 
s td .  dev 11.6 18.0 12.1 13.3 14.3 11.9 12.9 
APPENDIX D. Number of Pacific Herring by Body Length (2 -mm I n t e r v a l s )  
from Purse Seine and Lampara Net Sample s  in San Francisco Bay, 
J a n u a r y  6  t o  March 3 ,  1986 .  
Size 
i n t e r v a l  Sample number 
(mm) 3 8 1  388 389 392 395 399 4 0 1  402 406 407 
130-139 1 1 1 2  
140-141 2  
142  1 
144 1 2  1 
146  1 1 1 2  
148 1 2  1 1 
150 1 1 1 1 
1 5 2  3 3  1 1 3  2  4 2  
154 1 1 1 1 2  1 3  2  
156  3 5  4  3  1 2  3  4  4 5 
158 11 7  2  2  7  4  3  5  5 
160 1 6  7  5  3  6  5  6 3  4 5 
1 6 2  1 4  11 1 0  4  1 0  1 0  1 0  9  1 0  8 
164 1 7  7  8  5  8  1 7  1 4  1 0  9  1 0  
166  1 7  1 7  1 4  7  1 5  1 2  25 9  9  8 
168  1 3  11 8 1 3  1 2  1 7  2 1  8 1 6  7  
170  20 6  11 1 5  I1 1 3  22 3  7 1 9  
1 7 2  1 8  5  1 6  1 5  1 5  1 6  1 3  1 5  1 4  
l2 5 174  1 3  8  1 5  7  1 9  1 9  9 6 11 
176 1 2  5 1 9  1 3  1 3  1 0  1 3  1 1 4  20 
178  1 5  1 0  8  9 11 11 1 2  3 8 1 3  
180  1 3  11 11 8 6  9 4 3  7  8 
1 8 2  15  1 3  1 0  1 0  11 1 0  4 1 0  1 5  
P a  7  11 lo 9 11 5  9  7  3  1 0  11 
186  6 1 2  11 1 0  6  2  8  4 1 0  6  
188 1 0  5  8 6  1 0  1 2  4  2 5 1 
190 1 8  1 0  4 5 8  9 1 4  9  
192  1 2  1 0  1 2  2  11 1 3  3  1 0  2  
194  7 5  1 0  5 5 3 1 1 5 2  
196  6 1 0  1 0  5  5  3  1 4  2  
198  5 11 6  8  5  1 7  3  
200 5  5 9  4  1 2  1 1 4 2  
202 4  7  9  2  1 7  3  2 
204 1 5 5  1 2  2 3  1 
206 2  5  5  1 2 2  3 
208 3 1 1 2  1 3  
210 3  2 1 2  
212 2 1 1 1 1 1 








N 293  230 249 174  187  220 215 1 0 0  203  204 
Mean 176 .5  180.4  181.7  179.4 178 .5  176.0  171 .3  1 7 1 . 5  177.9  176 .0  
Std. dev. 13 .8  15 .8  13 .9  12 .2  1 2 . 3  1 3 . 1  9 .8  10.4 14 .0  12 .9  
APPENDIX D. (cont'd) 
S i z e  
interval Sample number 
(mm) 
- 
409 411 413 415 416 417 418 422 423 






150 1 2 2 3 
152 1 5 3 1 1 
154 1 3 1 1 
156 1 2 1 1 3 3 1 
158 3 4 3 1 2 1 10 2 2 
160 1 4 2 3 3 4 2 4 
162 6 9 6 7 6 7 9 6 5 
164 5 8 8 4 2 11 6 2 8 
166 8 7 3 8  5 4 5 16 12 10 
168 6 7 13 4 4 4 10 4 10 
170 9 8 12 4 6 2 7 7 8 
172 11 16 11 13 9 11 12 7 9 
174 8 10 9 7 9 10 12 11 10 
176 14 4 13 7 3 12 11 13 
lo 3 178 8 7 18 13 5 10 12 9 
180 9 6 7 6 1 7 3 15 9 
182 16 10 14 12 6 3 4 10 13 
184 10 6 8 10 4 3 4 10 8 
186 14 7 7 14 3 5 7 6 9 
188 6 6 b - - - 5  5 2 3 10 11 
. 3 _- 4 5 8 2 1 2 8 8 
192 
_ _ ----- 
?--' 4 7 15 1 3 5- 3 7 
1 92,---- -- 7 7 3 1 3 2 4 3 
- A G  5 7 11 3 4 2 8 4 
198 3 6 1 4 1 1 3 .  5 3 
200 7 5 3 6 1 3 1 4 
202 2 2 2 2 2 3 5 
204 5 1 1 1 1 2 3 1 5 
206 2 2 4 1 
208 1 1 1 2 2 1 
210 1 1 
212 3 -- 1 1 2 
214 1 
216 1 1 
21 8 - ,




N 178 168 159 189 95 107 159 162 185 
Mean 181.9 178.0 177.1 182.0 177.0 175.8 174.7 180.4 180.1 
Std. dev. 12.8 13.2 13.0 12.8 12.3 13.7 12.9 10.9 13.3 
APPENDIX D. (cont'd) 
Size 
interval Sample number 
(mm) 424 4 2 5  426 427 428  429 430 4 3 6  437 




146 1 1 
148 1 
150 1 2 
152 1 1 3 1 1 2 
154 1 2 2 1 3 1 
156 2 2 4 2  1 
158 1 1 2 1 3 1 3 2 
160 1 4 2 2 7 6  1 3 4 
162 8 9 8 6 6 6 3 7 8 
164 5 10 5 3 6 3 12 6 4 
166 6 7 9 9 11 7 4 8 7 
168 8 6 10 6 7 5 9 10 7 
170 11 2 5 10 5 10 7 10 10 
172 17 22 10 13 10 9 11 11 12 
174 8 14 8 7 10 7 11 6 12 
176 12 15 12 19 12 11 5 8 8 
178 11 8 9 7 8 8 9 7 
l6 10 180 8 8 6 12 4 10 16 11 
182 15 10 13 7 16 12 13 19 12 
184 16 10 10 11 11 7 11 9 
15 186 14 9 11 14 15 5 10 13 
-+2 14 6 5 6 13 4 5 7 2 6 7 7 5 8 3 5 9 7 
192 9 16 7 11 7 11 12 6 10 
194 11 8 5  5 3 1 2 6 S 
196 2 5 6 6 9 8 1 3 6 
198 3 2 3 5 6 4 1 3 
200 1 1 6 3 1 3 1 4 
202 2 3 3 3 2 1 1 2 
204 2 1 3 2 3 2 4 
206 1 1 3 1 2 2 1 3 
208 1 1 2 1 1 1 
210 1 1 1 1 1 1 
212 1 1 1 1 
214 1 1 1 
216 1 1 1 1 
218 1 1 1 
N 202 198 178 178 197 160 152 177 180 
Mean 180.5 179.4 180.1 179.9 181.2 179.9 178.1 179.0 179.9 
Std. dev. 10.9 12.4 13.5 12.6 12.4 13.5 12.9 12.0 13.6 
1 c 
APPENDIX E .  Number o f  P a c i f i c  H e r r i n g  by Body L e n g t h  (2 -mm I n t e r v a l s )  
f rom Commerc ia l  G i l l  Net S a m p l e s  i n  San  F r a n c i s c o  Bay, 
December 3 ,  1985  t o  F e b r u a r y  6 ,  1986 .  
? 
S i z e  
i n t e r v a l  Sample number 
(mm) 359 361  362 363 3 6 4  365 368 
N 26 74 119  1 0 1  5 3  80 1 2 1  
Mean 192 .0  194.4  193.7  1 9 5 - 7  197 .9  193 .2  191 .0  
S t d  d e v .  10 .6  7 .3  9.3 7 .9  8 .3  8 .7  8 .5  
-
APPENDIX E ,  ( c o n t l d )  
S i z e  
i n t e r v a l  Sample number 
(mm) 369 370 373 374 375 383 384 
168-169 1 
170  
1 7 2  
174  1 1 1 
176  1 4 3 1 
17 8 6 2 1 1 
180 5 1 5 3 6  1 
182  4  8  2  1 5 1 
184  4  3  9  4  1 9 4  
186  11 10  1 2  8 6  1 5  4  
188  5 1 6  1 2  5 1 2  9  3  
190  20 1 0  5 4  8 1 5  1 2  
1 9 2  7  1 3  11 1 2  1 2  1 2  7  
194  1 3  9  9  1 5  1 2  1 5  14  
196 1 5  9 8  1 2  10  1 0  1 2  
198  10  4  8 6 8 4 1 2  
200 6  3  8  6 1 3  3 1 3  
202 4  4  11 11 1 0  3 8  
204 2 4  7  4 8  5 
206 4 2  3 2 4 1 
208 2  3 3 2 2 2  4 
210 2  2  5 1 2 
212 1 - 1 
214 1 2 1 4 
216 1 2 1 1 
218 2 1 
3 2 0  . 
222 1 
- 
N 111 117 1 1 8  107  1 1 5  116  109  
Mean 1 9 4 . 1  191.1  194 .7  195.2 196 .3  191 .2  1 9 7 . 3  
S t d .  dev .  6 .9  8.5 9 .0  8 .5  7 .4  7.0 7 .7  
APPENDIX E . ( cont ' d ) 
--
Size 
interval Sample number 




174 1 2 
176 1 1 2 2 1 5 
178 1 2 3 1 2 3 2 
180 2 4 3 5 6 7 
182 2 6 5 6 4 19 3 
184 7 5 3 4 10 8 8 
186 6 8 13 9 13 14 7 
188 9 5 14 14 13 10 9 
190 12 3 10 10 13 12 9 
192 14 4 14 12 14 8 15 
194 7 7 10 10 9 7 8 
196 11 15 8 15 13 6 12 
198 6 6 11 6 7 9 3 
200 5 7 11 8 9 7 6 
202 3 6 8 7 8 4 7 
201 1 4 7 4 6 5 1 
206 5 4 2 4 3 9 
208 1 2 3 1 3 
210 1 2 2 1 2 
212 3 1 2 2 
214 2 
216 2 1 1 
222 
N 90 89 134 123 136 131 110 
Mean 192.5 193.6 193.9 193.7 193.0 190.1. 194.7 
Std. dev. 6.9 8.0 8.2 8.2 7.8 8.5 9.0 
-- - 
APPENDIX I?. P r e d i c t e d  Weight a t  Length  for P a c i f i c  H e r r i n g  
from San F r a n c i s c o  Bay. 
Body 
l e n g t h  Males  Females  A l l  f i s h  
(mm) 1985-86 1985-86 1985-86 
120  23.3  24.2 23.4 
1 2 2  24.6 25.6 24.7 
124  25.9 27.0 26.1 
126  27.4 28.4 27.5 
128  28.8 29.9 29.0 
130  30 .3  31.5  30.5 
1 3 2  31.9  33.1  32.1  
1 3 4  33.5  34.8  33.8  
1 3 6  35.2 36.6 35.5  
1 3 8  37.0  38.4 37 .2  
140  38.8 40.2 39.1  
1 4 2  40.6 42 .1  41 . O  
1 4 4  42.5 44.1  42.9 
146  44.5 46.2  45.0 
148  46.6 48.3  47.0 
150  48.7 50 .5  49.2  
1 5 2  50.9  52.7 51.4 
1 5 4  5 3 . 1  55.0  53.7 
1 5 6  55.4 57.4 56 .1  
1 5 8  57.8  59.9  58.5  
160  60.3  62.4  6 1  .O 
1 6 2  62 .8  65.0  63 .6  
164  
l 65 .4  67.7  66.2  
1% 68.1  70 .5  69.0  
1 6 8  70.8 73.3 71.8 
170  73.6 76 .2  7 4 . 7  
1 7 2  76.6 79.2  77 .7  
1 7 4  79.5  8 2 . 3  80 .7  
1 7 6  82 .6  85 .4  83 .8  
1 7 8  85.7 88.6 8 7 . 1  
1 8 0  89.0  92.0 90.4 
1 8 2  92 .3  95 .4  93 .8  
184  95.7  98.9  97.2  
1 8 6  99.2  102.4  100 .8  
1 8 8  102 .7  106 .1  1 0 4 . 5  
1 9 0  106.4  139 .9  108 .2  
l 9 2  110 .1  1 1 3 . 7  112 .1  
1 9 4  114.0  117 .7  116 .0  
1 9 6  117 .9  121 .7  120 .1  
1 9 8  121 .9  125 .8  124 .2  
200 126.0  130 .1  128 .4  
20 2 130.3  134 .4  132.8  
20 4  134 .6  138 .8  137.2  
206 139.0  143 .4  141.7  
208 143.5 148 .0  146 .4  
210 148 .1  1 5 2 . 7  1 5 1 . 1  
212 152 .8  157 .6  156  .O 





















60 .2  
62.7  
65.2  
67 .8  
7 0 . 5  
73 .3  
76 .1  
79.0 
82.0  
85 .0  
88 .2  
91.4 
94 .7  
98 .1  
101 .5  
105 .1  
108 .7  
112 .4  
116 .2  
1 2 0 . 1  
1 2 4 . 1  
128 .1  
1 3 2 . 3  
136 .5  
140.9  
145 .3  
145 .8  
154 .4  
3/ A l l  f i s h ? /  A l l  f i s h -  
1983-84 1973-77 
22 .1  22.4 
23.2 23.6 
24 .5  24.9 
25.7 26 .2  
27.0 27.6 
28.4 29.0  
29.8 30 .5  
31.2  32.0 
32.7 33.6 
34.2 35.2  
35.8 36.9 
37.4 38.6 
39.1  40.4 
40.8  42 .2  
42.6 44.1  
44.4 46 .1  
46.3  48 .1  
48 .3  50.2 
50 .3  52.3  
52 .3  54.5 
54.4 56.8  
56.6  5 9 . 1  
58.8  61 .5  
61 .1  64.0  
63 .4  66 .5  
65 .8  69 .1  
68 .3  71.7 
70 .8  74 .5  
73 .4  77 . 3  
76 .1  80 .2  
78.8 83 .1  
8 1 . 6  86 .1  
84 .4  99.2 
8 7 . 3  92.4 
90 .3  95.6 
93 .3  99.0 
9 6 . 5  102.4  
99.7  106.9  
102 .9  109 .4  
1 0 6 . 3  1 1 3 . 1  
109 .7  116 .8  
1 1 3 . 1  120 .6  
116 .7  124 .5  
120 .3  128 .5  
124 .0  132 .6  
127 .8  1 3 6 . 8  
131 .7  1 4 1  .O 
APPENDIX F .  (cont'd) 
Body 
l e n g t h  Males Females A l l  fish A l l  fishl/ A l l  f i s h /  A l l  fish?/ 
(mm) 1985-86 1985-86 1985-86 1984-85 1983-84 - 1973-77- 
1/ Da ta  from R e i l l y  and  Moore ( 1 9 8 5 ) .  
- 
2/ Data f rom Reilly and  Moore ( 1 9 8 4 ) .  
- 
3/ Data c a l c u l a t e d  f r o m . e q u a t i o n  i n  S p r a t t  ( 1 9 8 1 ) .  
& 
APPENDIX G .  Number o f  P a c i f i c  H e r r i n g  a t  Age b y  Body L e n g t h  
(2-mrn I n t e r v a l s )  f o r  S e l e c t e d  F i s h  f r o m  San 
F r a n c i s c o  Bay,  December 1 9 8 5  t o  March 1986 .  
Size 
interval A g e  (year) 
(mm) 4 5 6 7 8 
APPENDIX H. Egg C o u n t s  from U n r i p e  P a c i f i c  H e r r i n g  f rom San  
F r a n c i s c o  Bay, November 1 9 8 5  t o  March 1 9 8 6 .  
NOVEMBER/DECEMBER JANUARY 1986  FEBRUARY/MARCH 
Body Body Body 
l e n g t h  Weight F e c u n d i t y  l e n g t h  Weight  F e c u n d i t y  l e n g t h  We igh t  F e c u n d i t y  
(mm) ( 9  (mm) (g) (mm) ( g )  
1 6 5  73.1 1 4 , 3 0 2  204 146 .5  33 ,956  1 8 7  100 .6  2 5 , 0 2 2  
200 115 .0  23 ,925  208 148.7  3 4 , 4 7 1  208 136 .0  34 ,474  
1 5 5  57.0 1 2 , 1 3 1  1 8 6  105 .6  24 ,576  1 9 7  114 .5  26 ,565  
1 6 9  74 .2  1 6 , 3 1 0  1 7 3  87.6  1 9 , 2 4 6  1 8 5  1 0 6 . 1  29 ,786  
213 146.8  36 ,236  1 4 9  48.5 1 0 , 6 2 4  1 8 4  95.0  2 0 , 9 7 1  
1 7 2  72 .8  1 5 , 9 0 5  1 6 8  78.3  1 8 , 9 9 9  1 7 7  8 7 . 7  22 ,916  
176  86.7  1 6 , 4 2 1  1 6 8  72.1 1 6 , 2 9 5  200 124 .0  33 ,854  
180 91.0 22 ,162  159  62 .2  1 3 , 2 5 6  1 7 2  73.2  1 6 , 1 0 2  
176  73 .1  1 5 , 9 6 9  1 5 1  48.2 1 3 , 0 9 8  170  65.2  1 5 , 2 3 7  
1 9 2  113.9  24 ,581  1 5 6  52.2  8697  1 6 4  61 .7  1 5 , 2 6 4  
1 9 3  118.9  25 ,783  1 6 1  61.0 15 ,819  1 9 5  113 .9  29 ,672  
196  123.9  27 ,880  1 6 5  66.5  1 4 , 9 2 1  1 9 7  123 .8  29 ,975  
198  126.9 27 ,080  1 8 2  90.9 21,370 1 9 2  115 .6  28 ,575  
202 131.6  28 ,778  1 5 6  58 .3  1 2 , 6 4 2  1 6 8  70 .1  1 8 , 1 0 1  
215 155.2  37 ,956  207 138 .7  29 ,915  1 8 5  99 .3  23 ,797  
168  70.1  1 4 , 9 7 6  213 155 .8  41 ,435  226 157 .6  36 ,909  
156  56.1  1 2 , 2 2 3  211 164.7  44 ,050  1 4 8  43.0 7 ,954  
1 7 4  78.3  1 4 , 9 8 9  211  151.6  30 ,983  1 5 7  56.9  1 2 , 9 1 5  
202 1 ~ 5 . 2  31 ,514  1 8 2  99.9 25 ,638  1 5 7  56 .7  1 0 , 6 5 6  
1 8 1  92.9 22 ,482  210 158 .8  35,750 1 6 1  59.0 1 2 , 8 2 3  
1 1 4 . 8  24 ,332  1 7 0  73.0 1 6 , 8 3 3  1 5 4  5 3 . 1  1 1 , 9 9 7  
213 159 .1  32 ,235  1 7 5  84.6 22 ,703  169  68.4  1 6 , 5 6 0  
166  71.4 1 7 , 8 4 4  222 173 .2  41 ,117  212 130 .2  31 ,267  
189  112 .3  24 ,225  212 147 .7  37 ,404  1 5 3  51.7  1 1 , 2 7 1  
204 152.4  3 2 , 4 3 3  1 4 9  45.9 1 0 , 6 2 7  208 127 .6  33 ,510  
1 5 7  60.9 1 4 , 5 5 3  208 135 .5  30 ,935  200 130 .4  31 ,092  
1 5 8  60.7 13 ,864  215 167 .3  37,509 223 173 .4  4 1 , 7 7 5  
210 161.3  42 ,657  197  115.8  30 ,941  222 1 6 6 . 3  42 ,398  
213 166 .3  31 ,590  1 7 2  78.4 19 ,974  202 125 .4  26 ,617  
214 160.6  37 ,610  190  112 .6  30 ,983  
211 152.2 37 ,257  l 9 F  123 .5  30 ,177  
211  161.4  -51 1 7 3  8 0 . 1  1 8 , 9 7 1  
I- 
,/ 1 9 0  109.6  23 ,821  
/-- 1 8 4  84.4 19 ,909  
/-- 
I
180  90 .1  21  ,.870 
A P P E N D I X  I .  Morphometric Measurements (Meens + SD) and  F Values (ANOVA, 
df  = 3 ,  3 8 0 )  A d j u s t e d  f o r  Body ~ e i i g t h  (183.62 - + 17.3 mm) 
(**Significant at 1% Level). 
Sample location 
Humboldt Tomales San Francisco 














APPENDIX J. T e m p e r a t u r e  ( C )  P r o f i l e s  o f  San  F r a n c i s c o  Bay a t  



















































1 0  
14.4  
14 .1  
14 .2  
13 .7  
13 .9  
13 .9  
13 .3  
12.6  
1 2 . 1  
11.8  
11.8 
11 .2  
11 .0  









11 .3  
11.4 
11.0 




1 2 . 3  
12 .2  
-12 .2  
13 .0  A 
13 .0  
1 3  .O 
13.0 
13.3  
13 .2  
13.8 
13.0  
13 .6  
13 .5  
12.6  
12 .8  
13 .1  
1 3 . 1  
13 .0  
13 .7  
T i d e  
- 
High 
High S l a c k  
Low S l a c k  
High 
Ebb 






High S l a c k  
High S l a c k  
High 
High 
F lood  
High 
F lood  
High S l a c k  





Low S l a c k  
Low 
High 
High S l a c k  
High S l a c k  
F lood  
F lood  , 





LOW S l a c k  
F lood  
Low 
High S l a c k  
Low 






F lood  
APPENDIX K .  Temperature (C) P r o f i l e s  o f  S a n  F r a n c i s c o  Bay a t  
Peninsula P t ,  October 25 ,  1985  t o  March 28,  1 9 8 6 .  
Date 
10/31/85 








12 /09 /8  5 



























0 5 30 
14 .2  14 .1  1 4 . 1  
14.9  14 .5  1 4 . 3  
12.6  12.6  12 .6  
11 .4  11 .3  1 1 . 3  
11 .0  11.1 11.1 
11.1 11.1 11.1 
11 .4  11.3  1 1 . 3  
11 .5  11 .4  11 .4  
11 .8  11.7 11.7  
1 1 . 5  11 .5  11 .5  
1 0 . 9  10.9 10 .9  
10 .5  10.5  1 0 . 5  
9 . 1  9.2 9 .4  
9 . 1  9 .5  9 .5  
9.6 9.6 9.7 
9 .4  9 .4  9 .4  
10 .3  10.3  1 0 . 3  
10 .8  10.9 11 .0  
10 .6  10.9 11 .0  
10 .8  10 .8  10 .8  
11.0 11.0 11 .0  
11 .3  11.4 11 .4  
11 .7  11.7 11 .8  
11 .9  11.9  11 .9  
12 .2  12.2  12 .2  
1 2 . 3  12 .2  12 .2  
12.3 12.3  12 .3  
12 .0  12 .2  12 .2  
12 .5  13.0  13 .0  
12 .4  12.4  12 .9  
13 .8  13.7 13 .6  
14 .3  13.9 13 .5  
13.9  13.7  13.8  
12.5  13 .3  1 3 . 1  
13 .0  13 .3  1 3 . 2  
1 4 . 1  13 .8  1 3 . 5  
20 T i d e  - 
14 .1  High 
1 4 . 1  Low 
12 .6  F lood  
1 1 . 3  High 
11.1 High 
11.1 F lood  
11 .3  Low 
11.4  Ebb 
11.7  Low 




9.5  High 
9 .8  High 
9 .6  F lood  
10.4  Ebb 
11.1 High 
11 .o F lood  
10.8 F lood  
11 .o Low 
11.4  High 
11.8  High 
11.9  F lood  
12 .2  High 
12 .2  Low 
1 2 . 3  High 
12 .1  Low 
13.0  High 
12.9  F lood  
13 .0  Ebb 
13 .1  F lood  
13 .8  F lood  
1 3 . 1  Ebb 
1 3 . 1  High 
1 3 . 3  F lood  
APPENDIX L. S a l i n i t y  ( p p t )  P r o f i l e s  of  San F r a n c i s c o  Bay a t  






















































High S l a c k  
Low S l a c k  
High 
Ebb 






High S l a c k  












Low S l a c k  
Low 
High 
High S l a c k  
High S l a c k  
Flood 
Flood * 





Low S l a c k  
Flood 
Low 









APPENDIX M .  S a l i n i t y  ( p p t )  P r o f i l e s  of San Franc isco  Bay a t  
P i e r  2 4 ,  O c t o b e r  21, 1985 t o  March 2 4 ,  1986. 
Meters 


































b b  - 
h i g h  
Flood 
